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PREFACE TO THE FIRST EDITION. 



■•o«- 



The object of the following work is to give Data, Eules, , 
and Tables to facilitate the practical application of the 
Laws of Heat to the Useful Arts. 

The subject has throughout been largely illustrated by 
Examples worked out in detail, and this has led to calcu- 
lations more or less complicated ; but the author's special 
desire to make the "principles" of the subject clear to the 
reader could not be so well attained by any other means. 

The authorities from whom the Experimental Data, &c., 
are derived, are for the most part given as they occur ; 
but P^clet's great work, * Traite de la Chaleur,' should be 
more particularly mentioned. 



Bath, August, 1868. 



PREFACE TO THE SECOND EDITION. 



This new Efiition is for the most part based on tlie former 
one, but considerable additions have been made through- 
out, especially in the chapters on Evaporation, Heating 
Liquids and Air, Yentilation, &c., and some errors have 
been corrected. A copious Index has also been added, 
which, it is hoped, will render the work more convenient 
as a book of reference, and more generally useful. 
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120° would require 200 x 120 x "12983 = 3116 unite of beat; 
the same weight of water requiring 200 x 120 = 21000 unite, 
or nearly eight times the heat required for cast iron, 

Taglb 1. — Of the Specifio Hbat of Solid and Liqttid Bodieb, being 
the number of Units of Heat necessary to beat Une Puund of the 
Body 1° FahrenLeit 
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Tablb S, — Of the Speoiwo Hbat of Water at different Tempera- 
tures, occordiDg to the Experimeuta of Reobault. 
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Table B. — OF tbe Specific Heat of Gabes and Tapodb. 







Appurent 


Norm.1 


IUlli.Qt^flcH«» 


Kelilite 




SpKlflcH«l 


Speciflc Hpil 


loSpwil 


Heitwllh 


SpgdBc 


Gu,ftc. 


EzprrlmeDW. 


Sii 




Qnalanl. 


Air=l-0. 


(Ucnliwl. 


By DolDiig'* 


!■ 0000(1 


AtuMpheric Ail .. 


■2S79 


•16866 


1'4105 


1-421 


1-10563 


Gas, Oiygen - .. 


■2182 


■19558 


1-402 


1-415 


0' 06926 


„ Hydrogen .. 


3-4046 


2-4046 


1-416 


1-407 


0-97137 


„ Nitrogen .. 


-2440 


-17272 


1-412 




1-52901 


„ Carbonic Acid 


-2164 


-17112 


1-264 




0-96740 


„ Carbonic Oiide 


■2i79 


■17633 


1-406 


1-427 


1- 17488 


{ Hydrogan ..} 


■2123 


■18338 


1-321 




2-45307 


„ Chlorine.. .. 


■1214 


■09317 






0-62350 


Vapour of Wttter .. 


-4750 


■36400 


1-305 
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(!) 


(3) 


(<> 



(6.) " Specific Seat teilh Cotttlant Volume," — In the case we 
haTe jnst considered, the '2379 unit of beat not only raised die 
temporatnra of the pound of air 1°, but also did a certain amount 
of mechanical aork in raieing the gas-holder against tbe presBnre 
of tbe atmoBphere, and this whs unavoidable, beoaase the essential 
condition asBamed, namely, that the presBure sbonld be constant, 
necessitated increase of volarae by expansion and tbe expendi- 
ture of a certain portion of beat in performing mechanical 
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constant pressure in col. 1. In col. i we have given the ratios 
found by the experimeutfl of Dulong. 

(9.) "Specific Heat with variMe Pretture and Vditme." — It is 
important to obssrre that essentially the normal specific heat of 
air is that with volume constant or ' 16866. By extraneous cir- 
cumat&aces of pressure, &c., the apparent specific heat may be 
mncb greater than that, but may always be found by adding to 
the normal specific heat the extra amount due to the mechanical 
work done. 

Thus, say we take as before a pound or 12'387 cubic feet of 
air, and find the amount of heat necessary to double its volume. 
not under the constant pressure of 2116-2 lbs. per square foot, 
bat under a progreasiTely increasing one. Say that instead of 
a dead weight we had a huge' spiral spring giving 2II6'2 lbs. 
with the normal volume at 32°, and double pressure or i'2ii2-1c 
lbs. when the volume was doubled by the gas-holder rising 
12 '387 feet. In this cose, therefitre, neither the pressure nor 
volmne would be constant. To double both the pressoie and 
volume of air at 32°, its temperature must be increased 1471°'2, 
or from 32° to 1503°-2; by the rule in (27) the volume would 

onhic feet, Now, on the principle just stated, merely to heat 
thepoundof airl471°-2we should require 1471-2 x "16866 = 
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Table 6. — Of the Bbbuxtb of Espebfuektb o 



^„... 


IHM«« between 1 otm^,,^ 
StalloD.. 1 v.l.;cllr 

FeeL 1 Mil™. V'ScMDi 


Velodtjr, 


H^Hh-lght 
Almosphere 


E.ita. 


BenienWg.. 
Goldinehwn 

MyrbaSi „ 

ViiD-Beek,Jte. 


29764 
29547 
3261S 
610G4 
13460 
57839 


5-637 ! 1093-0 
5-59G : 1086-7 
6-177 1 1092-1 

U-565 1 1086-1 
2-549 1088-05 

10-951 ! 1089-42 


18337 
18520 
18317 
183K0 

18429 


13110 
13110 
13110 
13110 
13110 
13110 


1-415 

1-398 
1-413 
1-397 
1-402 

1-4D« 


Mean of thel 
whole .. J 


.. 1 .. i 1089-23 


18120 


13110 


1-405 



(12.) " Liquefaction." — When metals, ice, &c., are heated to a 
certain temperature the^ " melt," or pass from the solid to the 
liquid state; when the proceBS is reversed and liquids are cooled 
down to a certain point they " freeze," or pass from the liquid 
to the solid state. The melting and freezing points are therefore 
identical ; thus the melting point of ice and the freezing point 
of water are both = 32°. Table 7 gives the melting points 
of metals, &c., from the experiments of Ponillet ; the high tem- 
peratores were measured by an ait-tbetmometer, and the results 
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Table 7.— Of the Melting Points of Metals, &c., according to the 
Experiments of Pouillet ; the temperatures above dull red heat were 
measured by an Air-Thermometer. 






Wrought Iron, English, hammered 

„ French, soft 
Steel, maximum 

„ minimum 

Cast Iron, grey, 2nd fusion 
„ very fusible 
white, maximum 
„ minimum 
Gold, very pure . . 

„ standard coin . . 
Copper .. .. .. ». 

Silver, very pure 

Brass 

Antimony 

Zinc 

Lead 

Bismuth 

Tin '.. 

Sulphur 

Wax, white 

„ imbleached 

Spermaceti 

Stearine 

Phosphorus .. .. 

Tallow 

Oil of Turpentine 

Mercury 

Bismuth, 4 ; Tin, 1 ; Lead, 1 



>» 
>» 
>» 
>» 
>» 
»» 



8 
5 
5 
1 
1 




1 





»> 
»? 
»> 
»> 



3 
3 
4 
1 
2 
3 
4 
5 
2 
3 
1 
1 



»» 
»» 

» 



5 
2 
1 


1 
1 
1 
1 


1 

3 



109^ 



to 



Fahr. 



Common Salt, 1 ; .Water, 3 freezes 
Sulphuric Acid, sp. gr. 1'6415 „ 

„ Ether „ 

Mercury (by Air-Thermometer) 



>» 



2910 

2730 

2550 

2370 

2190 

2010 

2010 

1920 

2280 

2156 

2050 

1830 

1650 

810 

793 

630 

518 

455 

239 

154 

143 

120 

120 

109 

92 

14 

-40 

201 

212 

212 

246 

286 

334 

367 

372 

381 

385 

392 

466 

504 

4 

-45 

-46 

-37 



M. Pouillet. 
» 

5> 
11 
11 
»» 

»» 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
*1 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

Dr/Ure. 

11 

B. Stewart. 
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12 LtanxrAonoH. 

fixed until the whole of the ice ia melted, and during this pro- 
ceBB 112 '4 nnitB of heat aie absorbed, being the wnount that 
woold have raised the same weight of water 142°' 4; but the ice 
itself baring by Table 1 a specific beat of '504 woold have 
had its temperatore raised 142-4-^ -504 = 281° or to 313° 
if tbe heat had not become latent. The latent beat of lique- 
faction, however, is not 281 but 142 '4 unite. Table 8 gives 
the latent beat for many bodies, the third column being ob- 
tained hj dividing tbe latent beat by the specifio heat in 
Table 1. 

Tbia property of fixednett in the melting point of solids is a 
Taluable one ; the melting point of ice is used for obtaining 
one of the standard points in gradnating thermometers (38), 
but some care is necessary to obtain correct results, the ice 
shotild be pounded fine or, better still, snow sbonld be used, and 
the bulb most be completely enreloped in it so as not to touch 
the bottom or sides of the vessel ; without these precautions an 
error of one or two degrees may occur. 

In tempering steel instruments (37), tvbere, in order to secore 
uniformity of temper in the whole of an article of considerable 
size, uniformity of heat is both essential and difficult to obtain, 
metallic baths are commonly used, consisting of an alloy of lead 
and tin, &a., which melts at the particular temperature desired. 
By keeping always a stall portion nnmelted, the whole mass 
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Table 8. — Of the Latent Heat of Liquefaction, being the number 
of Units of Heat absorbed by One Pound of different Bodies in 
changing their state from Solid to Liquid. 







Increase of 












Temperature 










Latent Heat 
in Units. 


in the Body 

if Heat bad 

not been 


Authority. 










absorbed 






1 

1 




In melting. 






I 

Ice to Water . . 


142-4 


281 


Person. 






Sulphur .. 


16-8 


83 


» 






Tin 


25-6 


450 


7* 






Lead 


9-7 


309 


)) 




j Zinc 


50-6 


530 


*? 




1 Bismuth .. 


22-8 


740 


J» 




1 Silver 


38-0 


665 


»» 




1 Cast Iron 


233-0 


1574 


Clement. 






Beeswax .. 


78-7 


175 


Irvine. 






Spermaceti 


46-4 


145 

« 


»> 





Table 0.— Of the Melting Points of Alloys of Bismui'h, 

Lead, and Tin. 



Temp. 



Bismuth. 



Lead. 



Tin. 



o 
202 

208 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 



8 


5 


8 


6 


8 


7 


8 


8 


8 


8 


8 


8 


8 


9 


8 


12 


8 


13 


8 


14 


8 


16 


8 


20 


8 


26 


8 


28 





4 





4 





4 





4 



3 
3 
3 

7 

8 

8 

8 
14 

8 
24 
24 
24 

8 

10^ 
13 
17 



Temp. Lead 



Tin. 



o 
380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 



4 

5 
11 
25 

7 
15 

8 
17 

9 

10 
23 
14 
33 
19 
25 
30 
38 
48 



22 
4 
8 

16 
4 
8 
4 
8 
4 
4 
8 
4 
8 
4 
4 
4 
4 
4 



14 XBULLITIOM. 

Toriation under differeut preasnres caloolated from Regaaalt's 
esperimeDts. 

Mr. Dalton diecovered the remarkable Uir that tbe difference 
cf the temperatures of the boiling pointB of liquids is conBtant 
under all variations of pressure. Thus, under the ordinary 
atmospheric pressure, water boils at 212° and ether at 100°, as 
in Table 10; the difference is 212 - 100 = 112°. Now by 
Table 11 water under 6 atmoBpheres in col, 1 boils at 319' by 
col. 5, hence bj the law of Dalton, ether should boil nnder 
that same pressure at 319 - 112 = 207°, which ia within 1" 
of the temperature given by Hegnnult's experiment in col, 8, 
The col. 9 has beeu thus calculated throughout by subtracting 
112° from the temperature in col. 5. With oil of turpentine 
the difference is 316 — 212 — 101° greater than water, it hEis 
therefore to be added to the temperatures in col. 5, and we 
have thus obtained tbe temperatures in col. 7 for pressures 
above the atmosphere where we had no experimental informa- 
tion. The experiments of Kegnanlt have shown that this law 
of Dalton Is only approximately true (184). 

Tables 67 and 71 give also the temperatures of the boiling 
points of water at different pressures, the latter coinciding with 
the elastic force of vapour (183) at the same temperature. 

3 of Liquids, at Atmospheric 
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Tablb 12. — Of the BoiLiHO Poiktb of SonmoHa ot various Salts, ttt 
ordinary Atmospheric Pressure, Irom tLe Experiments of M. Leoband 
and others. 



1 of Chlorate of PutBEBtt .. 
CarboDitte of Suda . . 
Pboapbate of Soda , . 
Chloride of PotaEsiiuu 
Coiuoion Salt 

Neutral Tattmle of Potasaa 
Nitre, or Pultpetre . 
Nitrate of Soda .. 
Acetate of Soda,. 
Carbonate of Potash . 
Nitrate of T.inje 
Acetate of P.il«-aa . 
Cliloride of Calcium . 
Nitrate of Ammonia , 




798 20 
325- 00 
Infinite 



saturated aolation of common salt boils at 227°, but the gteam 
would UftTe a temperatnre of 212° only. The fiiedness of the 
temperature of steam has led to its adoptioD in determining one 
of the standard points in graduating thermometers. The Boyal 
CommiBsionerB for weights and measures and the British Asao- 
ciatioD have agreed that the boiling point 212° shall be the 
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Table 14. — Of the LATBa<T Hbat of VAPOUEiZiTiou, being the 

number of UnitB of Heat required to conrert Liquids from their 
reapective BoiliDg Points to Yapour, under a Pressure' of 80 inches 
of Mercury, 



Water .. .. 
Aloohol .. .. 
Ether .. .. 
Oil of Turpeutbe 
Naphtha .. .. 



eTOpoiate it to steam is 212 + 966 = 1178 nuits. Now eaj that 
the atmospheric pressure were reduced to hal^ or to 15 inches 
of meroury in the barometer, then by Table 11 water would boil 
at 180° instead of 212°, but the units of heat from 0° would still 
be 1178 as before, and as 180° only were required to roiee the 
water to its new boiling point, the latent heat of vapourisation 
must be 1178 - 180 = 998 tinits instead of 966. Again, at a 
pressure of 60 lbs. per square inch above the atmosphere, water 
must be heated to 307° before ebullition and rapourizatiou ocaa- 
meoces, as shown by Tables 16, 71, &c., but the lat«nt heat 
of vapourization will be proportion^y diminished, and vjU in 
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Bteam Is independent of the preeanre of that steun ; for inetuioe, 
to evaporate a cnbio foot of water to steun in an -open veeael 
will require the same fnel as to convert it to steam of 50 or 
100 lbs. per sqaaro inch. Col. 4 of Table 15 shows, how- 
ever, that this is not strictl; con-eot, the total heat inoreudng 
with the presanre, bnt the difference is very small, for even with 
BO great a range of preaanre as &om 7 to 200 Iba. per square 
inch it amounts to only 1200 -^ 1152 = 1 * 04, or 4 per cent. 
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met witlt in experience, the expansion in Tolnme niKj withont 
sensible error be taken at three times the linear dilatation, for 
a cube has three dimensions, length, breadth, and height, and if 
each of these dimensions be increased hj a very small amoont, 
it is evident that the expansion of the cnbe in volnme is very 
nearly three times the linear expansion. 

Table 16 givra the expansion of bodies in length and volnme: 
its nse is very simple; thus, an iron wire 100 feet or 1200 
inches long, with 66° increase in temperature, would expand 
-00000743 X 1200 x 66 = -4904 inch, or i inch barely. 
Again, 10 cabio feet of linseed oil heated 240° wonld expand 
■ 0004167 X 10 X 240 = 1 ■ 000 cubic foot ; thns the 10 cnbio 
feet wonld become by expansion 11 cabio feet, &o. 

(21.) " Contraction of JUefoIt in Galling."— The contraction 
which metals experience in cooling down &om their melting 
points to ordinary temperatnres is very considerable, amoimting 
to aboat an inch with a straight bar of cast iron 8 feet long, 
or with a copper bar 6 feet long. Allowance has therefore to be 
made for contraction in fixing the sizes of the pattern. 

Table 17 gives the resnlt of practical observations on this 
subject, and is very simple in application; thns a cast-iron 
girder 20 feet long must have a pattern -1246 x 20 = 2-492 
inches longer than itself, but a pattern 20 feet long wonld give 
a casting -1236 x 20 = 2-472 inches shorter than itself. 

For practical purposes i of an inch to a foot for cast iron ; 



OOHTBAOT10N IN OOOLINO inTAI& 





„„. 


PfMrh 


WMlh 


Cmtrartlun. 1 










Dl..n.el.r*c.f 






PfcFaM 




CutlDg. 


I«h(t. 


Tn-'h In 
Inehs. 


lis 






or 


or 












C«I"B. 


Piuem. : 












tm-*n. 


lnch.iL 




10 2*' 


H 


12 


1-08 


■1059 


-1040 




G avi, 


H 


9 


■fl4 


■0893 


-0886 




C 1| 


as 




■375 


'0613 


'OHIO 




S 6ft 


Si 




■343 


■0631 


-0X28 




2 114 


sj 


. 12 


■11 


■fi3896 


■03884 ■ 




2 4* 


4 


9 


■lis 


■0397 


■0396 . 



iB 19. — Of the Contraction of a Bab of Weocoht Ibon 40 inches 
long, b^ repeated Heatii^ and QueachiDg. 
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lenglih and breadth is fixed, must be 8 feet high to hold the ex- 
panded liquid, and thus the linear dilatation is in &ct the actual 
expansion in volttme. 

But if the vessel is itself expansible, the obserred expansions 
are apparent only, not real and abeolate, being in fact the 
difference between the expansion of the liquid and that of the 
vessel containiBg it. Tbns from Table 16 the expansion of 
gloss in volume is -000013701, and the o&aolufe expansion of 
mercnry is '00010054, the apparmt expansion of meroniy in a 
glass vessel (snch as a thermometer bulb, &o.) will therefore be 
•00010054 - 000013701 = -000086889, as per Table 16. 

The expansion of water is exceptional and anomalous. It 
attains a minimnm volume and a maximum density at 89° '2, 
say 40°, and a departure from that temperatnre, in either direo- 
tion, is accompanied by expansion, so that 8° or 10° of cold 
produces about the same amount of expansion as 8° or 10° of 
heat. This is shown by Table 21, which is calculated by 
Tredgold's rule, 

3 log. (( - 40) + 6 • 910909 = the log. of the expanmon. 

Thus at 212° we have 212 -40 = 172°, the logarithm of which 
is 2*236528. 
Tben, &om 40° to 212°, the expansion becomes 
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with the tempeiatnre, as shown \tj the experiments of Dnloug 
and Begnanlt in Table 22. The rate of expaneion being 
variable with the temperature it is necessary to disdngniah 
between ezpansionB ai a given temperature and those bettoem 
two given temperatnres. For example, imagine a body which 
at 82° expands -01 for 1°, and at 212°, 02 for 1°; then enp- 
poaing the rate of expansion to increase in arithmetical pro- 
gression, the mean expansion between 32° and 212° would be 
(■01-j--02)-^2 = -015, which is in fact the troe rate of 
expansion at the mean temperature (32 -f- 212) -^ 2 = 122°. 
Then between 32° and 120° it would be( ■ 01+- 015) -i- 2 =■ 0125, 
and between 120° and 212° = (015 + -02)-^ 2 = -0175. 
Table 16 gives for the most part the expansions between 32° 
and 212°; where otherwise specified, the meaning will be onder- 
stood from the expUnation now given. 

The expansions of mercnry and glass (being the materials of 
which ordinary thermometers are made) are very important in 
the interests of science. They have been carefully ascertained 
by B^nault, and the results are given in Table 23, which has 
been calculated &om his experim^ts. 

Table 23.— Of the Vabiation in the Expansions of Bodies at 
different Temperatures, from the Experiments of Dvunna and 
Bbobatji/i. 
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it on all sides. Say that the air in D is at 82°, and tliat 1^ 
applying heat it is expanded and the piston with its load ia 
raised: Begnault found that by heating from 32° to 212° 
or 180°, the pieton in our case would be raised '367 foot, 
or to E, and the cnbic foot of air becomes 1 ' 367 cubic foot : we 
bare here supposed that the capacity of the vessel itself is not 
affected by beat. Now if we had taken 180° away &om the air, 
thus redneiug the temperatnre to — 148° below aero of Fahren- 
beit, the piston would have descended the same distance, -367 
foot, or to F; another rednction of 180°, or to -828°, lowers 
the piston to G ; and to cause it to descend to H, or to reduce 
the Tolnme of the air to nothing theoretically, we should require 

■^ = 490°-4 below 32°, or490-4 - 82 = 458-4 below Fah- 
renheit's zero. This temperatore is termed abeolute zero, and it 
will be evident that the volume of air at all temperatures is 
proportional to the distance of its temperature from — 458°'4. 
Hence the general formnla becomes ' ^ . 



in which T = volnme of gas, &c, at the temperatnre T, 

ti = „ „ at the new teinperatare L 

Thus air whose volume at 82° = 1000, will have at SSOff' a 
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4-81 -H-lUl ^33-4 to 1 causes the aero to Tuy from -4614 
to — 463*1. Table 27 gives die exact rate of expaneioTi for 
TarioQB gases at atmoBpIierio preseiue, and also shone that it 
▼aries slightly according aa the volume or the pressure is taken 
as constant. It is somewhat anomalous to giro a ooefBcient of 
exjpanMOK with eomtant volume, but the meaning is that the con- 
Btanto in cola. 1 and 2 govern the volume when the pressure is 
constant, and tliose in cols. 3 and 4 govern the pressure when 
the volume ia constant. 

For scientific purposes, therefore, instead of the coefficient 
468*4 givra by our rale (27), those given by col. 6 of Table 26, 
or by cols. 2 and 4 in Table 27 should be used. For dty or 
Buperboated steam Messrs. Fairboim and Tate's eiperimenta 
give the zero at — 458 ' 71, which is almost predsely that given 
by the role for air (27). 

Table 26.— Of the Vaeiation with different PBEssusas in the Bate 
of Expansion of Dbi Air and ('abbonio Acid Gas by Heat, the 
Volume being constant From the Experinient* of Bkonadlt. 



Alrit3I°. AlrB(lll°. 
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and Gases. Bbqnadlt. 


i^it,. 


*un«r,-ricAlr. 


Hilngoi. 


OMbonIc Add. 


HydrogHi. 


1 
5 
10 
15 
20 


4-979440 

9-916220 
14-824845 

19- 719880 


1-000000 
4-986760 
9-943590 
14-875770 

19-768580 


1-00000 
4 '82880 
9-22620 
13-1869S 
16-70540 


1-000000 
5011615 

10-056070 
1.1-139650 
20-268720 



in which V, P and T are the Volume, Preasur©, and Temperature 
in one case, and v, p and t are the Volame, FreBSore, and Tem- 
perature in another case. Thua 10 cubic feet of air at the 
ordinary ataiospberio pressure, Bay 16 Ibe. per square inch above 
a vacuum, and temperature 60°, would if heated to 200° and under 
a preBSure of 40 lbs. above atmosphere, or lS + 40 = 55 lbs. 
, ,. IB 458-4 + 200 „ _ ,. 

above a vacuum, become 10 x =5 X ..n i t^tt- = °'' cubic 

00 45b*4 + 60 

(32.) " Expaiuionof Main Air." — When water or other liquid 
is present in the air or gas, another element becomes necessary 
in the calculation of itB bulk at different temperatures, namely, 
the elastic force of the vapour at the given temperature : — the 
rule then becomes 

_ v + f 458-4+ ( 
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(34.) " Thermometers." — The expansion of bodiee by heat baa 
afforded the mcst oonTeuient method of measnring temperatureB. 
In the common thermometers meronry ie used for mediom tom- 
peiatnreB, eay from 0° to 600°; for lower temperature alcohol 
is nsed, because it always remains fluid, even with the greatest 
cold which can be produced by artificial means ; for high tem- 
peratnres metals are commonly used. There is an imperfection 
in all these bodies as measnrers of beat, for as we have seen (26) 
their expansions are not equable for equal increments of heat ; 
bat in the case of the mercurial thermometeT it most forttmately 
happens that the variations of expansion in glass and mercury 
almost exactly compensate each other, so that mercury in glass 
has an expansion nearly equable at medium temperatures. 
Table 30, calculated from the refined experiments of Begnault, 
gives the error of the mercnrial thermometer in common glass, 
such as is ordinarily used for thermometers, and it shows that, 
for temperatures under 640°, the error is less than 1° Fahr. ; 
above that temperature the error becomes rapidly greater, and 
amounts to 7°'2 at 662°, The amonnt of error seems to vary 
greatly with the kind of glass employed: with fine crystal glass 
the error at 662° was fonnd by Begoault to be as much as 19°. 

TiBLK SO.- 
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polished and again heated until it takes the colour known by 
experience to be neceeearf to obtain the particnlar t«nper 
required, which varieB with the nature of the work which the 
tool is to be used for. As the temperature rises the colour 
changes successively from white to yellow, brown, red, purple, 
blue, dark Une, green, and finally to dark grey. Table 31 gives 
the colours with the reepectiTe temperature &c Temperatures 
ranging between 400° and 600° might be conveniently estimated 
by this metiiod ; a mnall piece of thin steel re-polished for each 
obserration would indicate with sufBoieut precision the tempera- 
ture of an oven, &e., &c. An ordinary oven requires about 450° 
of heat, and should give to steel a straw yellow. 

Fouillet states that the temperature of furnaces, &c, may be 
estimated with considerable accuracy by the colour of the fire, 
and that with a little practice the error at very high tempera- 
tures will not exceed 90° or 100°. Table 32 gives the result of 
bis observations with an air- thermometer. 

Table 31 — Of the Colottrb of Polished Stbel (it different 
'J'emp^riture*. 
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(39.) " The Potition of Therv>ometer»"—A. thermometer freely 
exposed in the open air is subjected to four distinct and some- 
timsB contrary influences. There is solar radiation ; radiation 
from the cold sky ; radiation ^m the earth ; and contact of the 
ambient air with the bnlb. In snch a case the thermometer 
would not shov the temperature of either the sun, sky, earth, or 
air, but a combined result of the whole in nnknown proportions. 
For the purposes of science we require to measure at least three 
of these influences separately, namely, the temperature of the 
air, of solar radiation, and sky radiation, and we may indicate 
briefly the orrangementB necessary for the purpose. 

(40.) " Temperature of the Air." — The thermometer shoiild 
be completely screened from radiation of heat or cold in all 
directions, but a screen of single thickness will not perfectly 
answer that purpose, because it will absorb the radiant heat and 
then radiate that heat to the bulb. The screen should be double 
or treble, with a space of 1 inch at least between each, com- 
pletely open at the ends to permit a current of air : the effect of 
the outer case being heated would then be to heat the air in the 
included space, which being heated would become lighter, and 
ascending would carry off the heat and so keep the inner case cool, 

" Solar Badiation." — A thermometer with a blackened bulb 
freely exposed to sun and air will show an excess of tempera- 
ture over the air to an extent which varies with the e 
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heat are : Bolar Fadiation (40) ; the internal heat of the globe 
(44); frictioa (46); eompreesion (47); change of state from 
liquid to Bolid (13), and from vapour to liqnid (17); chemical 
combinatioDB (68), and combuBtion (57). 

The principal sources of cold are : skj radiation (41) ; evapo- 
ration (193) ; dilatation of compressed air (61) ; and the nse of 
ice and frtgorifio mixtures (63). - 

(46.) " Seat develt^d by Friction." — The fact, that frictioD 
produces heat hae been known from the earliest times, but the 
power required to generate a given amount of heat was not 
accurately ascertained until recently. By an agitator working 
in i^ter and actuated by a falling weight, Ur. Joule found that 
to prodnce a " unit " of heat, required 772 foot-pounds, or 
772 pounds falling 1 foot : this ie termed the " mechanical 
equivalent " of heat. Coaveisely, one unit of heat ehould be 
capable of doing 772 foot-pounds of work in a steam-engine, 
&c., and as by (60) a pound of coal contains 13,000 units, it 
should yield 13000 X 772 = 10,036,000 foot-pounds. But the 
highest duty of the best Cornish pumping-engine does not 
exceed 1074- millions of foot-pounds per bushel (94 lbs.) of 
coal, or 1,143,620 foot-ponnda per pound of coal, or about one- 
ninth of the theoretical amount. 

(47.) '■ &al deeeloped by Compremion," — The law of Marriotte 
(29) is true only so long as the temperature remains constant 
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Table 85. — Of the Heat produced by Compression of Air, and Cold 
by Dilatation, the Volume at Atmospheric Pressure being 1-0 at 
the Temperature of 60° Fahrenheit. 



Pressure. 


' Yolame. 


Temperature 

of the Air 

throughout 

the Process. 




Above a Yacanm. 


Above the 
Atmosphere 

in Pounds 
per Sq. inch. 


Total 

Increase or 

Decreasft of 

Temperature. 


Atmo- 
spheres. 


Inches of 
Mercury. 


PonDds per 
Sq. Iiicli. 


-1667 


5 


2-45 


• » 


3*56 


-15^2*6 


-210-6 


-3333 


10 


4-9 


• • 


2*18 


- 83*8 


-141-8 


-5 


15 


7-35 


• • 


1*634 


- 36*7 


- 94-7 


•6667 


20 


9-8 


• • 


1*333 


+ 2*4 


- 57*6 


•8333 


25 


12-25 


• • 


1*137 


33*0 


- 27*0 


1-0 


30 


14-7 


0-00 


1-0000 


60 


00-0 


11 


33 


16 17 


1*47 


-9346 


74-6 


+ 14-6 


1-25 


37-5 


18-37 


3*67 


-8536 


94*8 


34*8 


1-5 


450 


22-05 


7*35 


•7501 


124*9 


64*9 


1-75 


52-5 


25-81 


11-11 


-6724 


151-6 


91*6 


2-0 


60 


29-4 


14-7 


-6117 


175*8 


115*8 


2-5 


75 


36-7 


220 


-5221 


218-3 


158-3 


80 


90 


44-1 


29-4 


-4588 


255-1 


195-1 


8-6 


105 


51-4 


36-7 


-4113 


287*8 


227*8 


4-0 


120 


58-8 


44*1 


•3741 


317-4 


257*4 


6-0 


150 


73-5 


58*8 


*3194 


369-4 


309-4 


6-0 


180 


88-2 


73*5 


-2806 


414*5 


354-5 


7-0 


210 


102-9 


88-2 


-2516 


454*5 


394-5 


8-0 


240 


117*6 


102*9 


*2288 


490*6 


430*6 


9-0 


270 


132*3 


117*6 


*2105 


523*7 


463-4 


10-0 


800 


147-0 


132*3 


-1953 


654 


494 


15-0 


450 


220*5 


205*8 


•H65 


681 


621 


20-0 


600 


294*0 


279-3 


-1195 


781 


721 


26-0 


750 


367-5 


352-8 


-1020 


864 


804 



Approximate Table. 



1-0 


30-0 


14-7 


0*00 


10 


60 


00- 


1-15 


34*5 


16-91 


2-21 


-9 


84 


24 


1*87 


41*1 


20*14 


5-44 


•8 


109 


49 


1-65 


49-5 


24*25 


9*55 


•7 


141 


81 


2-06 


61*8 


30-28 


15*58 


•6 


179 


119 


2-66 


79-8 


39-10 


24-40 


•5 


229 


169 


8-63 


108*9 


53*36 


38*66 


*4 


294 


234 


5-48 


164-4 


80-56 


65-86 


3 


392 


332 


9-65 


289-5 


141*85 


127*15 


-2 


540 


480 


25-72 


771-6 


378*08 


863-38 


•1 


869 


809 


(1) 


(2) 


(3) 


(*) 


(5) 


(6) 


(7) 
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in wluob P and T are the total preaenre (above Tacnum} and 
temperature in degrees Fahr, in one cose, and jj and t the 
preeeure and temperatnre in another case. The pressure may 
be taken in inches of mercury or pounds per square inch, &c., 
bnt of cotuse must be the same in both cases. 

Thus say we have a volume of air = 1 - at 60°, with the bare- 
metric pressure =^ 30 inches of mercury, and we increase the pres- 
Bore to 7 atmospheres or 30 x 7 = 210 inches above a vacuom; 
then P = 30, j> = 210 and T = CO. To find the -2908 power 

of ^ we must make use of logarithms ; then 210 -^ 30 = 7, the 
logarithm of which is -845098 and -845098 x -2908= -245754, 
the natural number of which is 1-761. Having thus obtained 
y-t«» _ 1.76I we have no difficulty in applying the rule, and 
we obtain 1-761 x (458-4 + 60) - 458-4 = 454°-5, the tem- 
perature sought, which shows that compression has produced an 
increase of temperature of 464-5 — 60 = 394°'5. The volume 
may now be found by the rule in (27) which becomes in our 

, 30 458-4 + 454-5 „„, , . .. , ., 
'^'^ ^ ^ 210 '^ 458TT60— = *^"^' "^"^^ '^'" *^' 
volume is reduced to one-fonrth nearly. The cols. 5, 6, and 7 
in Table 35 have been calculated in this way. The rules will 
not give the temperature and pressure due to compression into 
any given volume direct, because the unknown temperature and 
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(51.) "Freezing by Compretted Air." — If oompreesed mi be 
deprived b; oold water or otherwise of the heat developed by 
compressioQ, and then suffered to retam to its normal volume 
by the relief of the pressare, a very low temperatore is obtained, 
which may be used for freezing water and other purposes. 

The amount .of heat to be taken from a pound of water at 60° 
to reduce it to ice at 32° is 170 units, namely, 

Unite. 

One pound of water at 60° to water at 32° .. ., 28 

„ „ 32° „ ice „ 32° (latent) 142 

170 

Assuming the pressure of the compressed air at 2 atmo- 
spheres total, we can calculate the quantity of air necessary 
to freeze a pound of water, and the mechanical power required 
to do the work. One pound of air at 1 atmosphere and at 60° 
compressed to 2 atmospheres, is heated 116° by col. 7 of 
Table 35, and the specific heat of air where expansion is per- 
mitted being -238 we have *2SS x 116 = 27-6 units per pound 
of air, and to freeze a pound of water from 60° requires 
170-5-27-6 = 6-16 lbs. of air, or 6-16-H "0761 = 81 cubic 
feet of air at 1 atmosphere and at 60°. 

We now have to find the power required to compress this 
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power, we have 10-^5 '75 = 1-75 lbs, of ice per pound of 
coal. Bj plEicing viother cylinder between tbe refrigerfttor 
and the open air, eo as to ntilize the presanre left in the air 
after cooling, the power might be considerably rednced, but the 
complication of machinery and conaeqnent loss by friction 
would neutralize to a great extent the advantage thus gained. 

(63.) " Drigonfic Mixture*." — The mixture of many salts 
with water, enow, and acida ia prodnctive of cold, and by this 
moans a very low temperature may be obt^ned at idl seasons 
and in all cliraat^. Table 36 gives a few of tbo best mixtures 
for this purpose ; most of them may be recovered after use by 
evaporation. The best practical mixture is that of common ealt 
nith snow or pounded ice, by which as iutenae cold, 32° below 
the freezing point of water may be easily obtained. 

" Seating Xizbiret." — The development of heat is a freijuent 
result of the mixture of liquids with one another or with solids : 
thus equal volumes of sulphuric acid and water, both at 57°, 
give 212° as the result of mixture. When quicklime is elaked 
with water, a very high temperature is generated, varying how- 
ever very much with tbe quantity of water nsed. fresh burnt 
chalk-lime was found to absorb about 2^ times its own weight 
of water, and if much more than that ia used, the heat developed 

Table 36.— Of Feioobific Mixtubeb for the Ahtipicial PKonccrioa 
of Cold, from the Experjroents of Mr. Walkeb. 
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is very small: thus with water 6 to lime 1, the water was 
heated from 52° to 60°, or 8° only, but with equal weights the 
temperature became 210°. With less water the high tempera- 
ture of 476° was obtained, varying however in different parts 
of the mass : two other experiments gave 412° and 384° 
respectively. 

(54.) " Density and Weight of Bodies." — The specific gravity 
or weight of bodies is frequently required throughout this 
work, and it will be convenient to give it in a collected form. 
This is done for solids and liquids in Table 37, the basis of 

Table 87.— Of the Specific Gravity and Weight of Materials, 

Water at 62° being 1-000. 



Mercury 

Lead 

Copper, sheet 

Gun Metal, cast 

Copper, cast 

Brass, cast 

Wrought Iron 

Tin, cast 

Zinc, sheet 

Cast Iron, British, mean . . 

Zinc, cast 

Slate 

Glass 

Granite, Cornish 

Sandstone, Yorkshire 

Brick, London Stock 

Sand, River 

Coal, British, mean 

Water, distilled 

Ice, at32-> 

Alcohol 

Oil, Olive 

Oak, seasoned 

Elm, „ 

Mahogany, Honduras, seasoned 
Pine, X ellow, seasoned 
Coke, Gas, in measure 
Cork 



Specific 
Gravity. 



Weight 

of a 

Cubic Foot 

in Pounds. 



Weight 

of a 

Cubic Inch 

in Pounds 



13 
11 

8 
8 
8 
8 
7 
7 
7 
7 
6 
2 
2 
2 
2 
1 
1 
1 
1 



•596 

•352 

•785 

•670 

•607 

•393 

•788 

•291 

•190 

•087 

•861 

•835 

•760 

•662 

•506 

•841 

•546 

•313 

•000 

•93 

•813 

•9163 

•777 

•588 

•560 

•483 

•353 

•24 



847 

707 

547 

540 

536 

523 

485 

454 

448 

441 

427 

176 

172 

165 

156 

114 

96 

81 

62 

57 

50 

57 

48 

36 

34 

30 

22 

14 



3 

5 

5 

3 

4 

1 

3 

4 

1 

6 

6 

7 



9 

2 

7 

35 

83 

321 

96 

67 

04 

42 

65 

9 

1 



96 



•4903 

•4094 

•3168 

•3127 

•3104 

•3027 

•2809 

•2630 

•2593 

^2556 

•2474 

•1022 

•0995 

•0960 

•0904 

•0664 

•0558 

•0474 

•03606 

•03354 

•02932 

•03301 

•02802 

•0212 

•0202 

•01742 

•01273 

•00866 



No. of 

Cubic Fe€t 

in One 

Too. 



2 

3 

4 

4 

4 

4 

4 

4 

4 

5 

5 

12 

13 

13 

14 

19 

23 

27 

35 

38 

44 

39 

46 

61 

64 

74 

101 

149 



644 

166 

091 

145 

176 

282 

615 

930 

999 

07 

24 

68 

02 

50 

34 

52 

25 

37 

95 

65 

21 

27 

26 

13. 

18 

41 

8 

7 



£2 
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which JB the weight of distilled water at 62°, when by Act of 
Farliament a gallon coutainiug 277 '274 cubic inches weighs 
10 lbB> ; hence a cubic foot at that same temperature weighs 
1728 X 10 -^ 277-274 = 62-321 lbs. The weight of water at 
other temperatures is given bj Table 21, and Table 38 gives 
the pressure of colomns of water in poonds per square inch, 
and in inches of mercurj. 



Table 38.— Of Equivalent Pbessubbs in Pounds per Souaee Inch, 
Febt of Water, and Inches of Mebcuby, at a Temperati 
f)2° Fahr. 



of 



Poundgper 


Fattof 


Inctwaot 


; p„„^„. 


Ftctot 


Inclaof 


Square Inch. 


WMer. 


Xeiatrf. 


Sqiunlnoh. 


W«w. 


M«™rr. 


1- 


2-311 


2-046 


2-6962 


6- 


S 31198 


2- 


4-622 


4 092 


3-0289 




6 


19731 


3- 


6-933 


6-138 


3-4616 


8- 


7 


08264 


1- 


9-244 


8-184 


3-8942 


9- 




96797 


5- 


11- 5.15 


10-230 


1 -48875 


1-12952 


1 




6- 


13-866 


12-276 


-97750 


2-25904 


2 




7- 


16-177 




1-46625 


3-38856 


3 




8- 


18-488 


16-368 


1-95500 


4-51808 


4 




9- 


20-800 


18-414 


2-44375 


5-64760 


5 




■4327 


1- 


-88533 


2-932S0 


6-77712 


6 




■865* 


2- 


1-77066 


3-42125 


7-90664 


7 




1-298: 


3- 


2-65599 


3-91000 


9-03616 


8 




1^7308 


4- 


3-54132 


1 4-39875 


10-16568 


9 




2-1635 


5- 


4-42665 









5i 



ATOMIC WEIOHTB OF BODIKS. COUBDHTION. 



(56.) " Atome Weights of Bodie*."— All bodies which com- 
bine chemioaUy tend to do eo in fixed definite proportionn, 
which nre termed " atomic weights," or " chemical eqaivilentB," 
and are given for a few elementary bodies is Table 40. Thne 
1 atom of oxygen, or 100 Iba., combining with 2 atoms of nitro- 
gen, or 350 lbs., forme 100 4- 350 = 450 lbs. of atmospheric 
air. Again, 6 atoms, or 500 lbs., of oxygen, oombining with 
1 atom, or 175 lbs., of nitrogen, forms 600 + 175 = 67S lbs. of 
nitric acid. Other illnstratious of the applicatioD of the table 
are given in (3) (57), &o. 



Table 40 


.—Of the Atomic Weights of Elbmbbtabt Bodies, 




Oxygen being = 100. 




ElHIlHlt. 


'^^S? 


HU»«^ 


OomblidiiE 

wnihu. 


EKnumt. 


Cnmbinlng 




171 16 


Gold .. 


1243-01 ' 


Oiygen ., 


100-00 


Antimony 


1612-90 


Hydrogen 


12-50 






Biraiath ., 












Ciiloiara .. 


256-02 


Lead 


1294-50 


Silver .. 


I3S1-6I 


Carbon .. 


75-00 


Meronry .. 


1265-82 


Sulphur .. 


201-16 




442-65 




369-671 






Coppef .. 


...6. 


Nitrogen .. 


175-00' 


Zixte.. .. 


403-23 
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these combinations is 12,906 units per pound of carbon, and 
62,535 units per pound of hydrogen. 

The combustibles used in the arts are principally composed 
of carbon and hydrogen, as shown by Table 41, and from their 
known composition we can easily calculate the heat developed 
by them. Thus, oil of turpentine, by the table, consists of * 884 
carbon and *116 hydrogen, and 1 Ib^ of it will yield — 

Carbon .. -884 x 12906 = 11409 imits of heat 
Hydrogen .. -116 x 62535 = 7254 



18663 



>i 



» 



Table 41. — Of the Chemical Composition of Combustibles, 

according to Peclet, &c. 



Elements. 



^^"•i^l^n'.'^i^^^yKen. 



Coal, mean 97 kinds *804 

Coke 1-850 

Wood, perfectly dry 1*510 

„ ordinary state '408 

y, charcoal .. i*930 

Peat, perfectly dry j • 580 

„ ordinary state •464 

Oil of Turpentine .. 1*884 

Alcohol -5198 

Olive OU -7721 

Sperm OU .. .. '789 

Beeswax '816 

{Spermaceti .. .. '^16 

Tallow *790 

ParaffineOil .. .. -8522 

Resin *7927 

Sulpharic Ether .. '6531 



0519 




053 



060 

048 

116 

1370 

1336 

1097 

139 

128 

117 

1478 

1015 

1333 



•0787 


•0246 


• • 


*4i7 






• • 

• • 


•334 






•200 


•310 






• • 

• • 


'248 




. ; ^200 


•3432 


' 


> 

• • • 


•0943 




1 


•1013 




• • • 


•045 




1 


•056 




1 
• • • 


•033 






• • 


•1058 




• • • 


•2136 






• 1 



0408 
•150 
020 
•016 
•070 
050 
040 



Total. 



1-000 



it 
>? 
11 
>» 
w 

»» 
»» 

»» 

V 

»♦ 



(58.) The presence of oxygen in a combustible containing 
hydrogen has the e£fect of reducing its heating power, for when 
a combustible contains 8 lbs. of oxygen to 1 lb. of hydrogen, 
being the ratio in which they combine to form water, they do so 
combine, but give out no useful heat, whereas if hydrogen alone 
is present it yields the full amount of heat due to it. When 
oxygen is present, but in too small a proportion to combine 
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with the whole of the bydrogea, it combines with one-eighth 
of its weight, and leaTes the rest as an excess of hydrogen, 
which yields its dne proportion of heat as before. 

(59.) Aloohol will serve to illnstrate the efiect of oxygen in 
a combnstible, it being composed, as per Table 41, of ■ 5198 
carbon, ■ 137 hydrogen, and • 3iS2 oxygen. We have seen in 
(57) that oxygen requires one-eighth part of its weight of 
hydrogen to form water; the oxygen in alcohol will require 
■3432-rS = '0429 hydrogen; whereas the oomhnstible con- 
tains -ISl of hydrogen: there remains, therefore, -IST — 
'0429 = -0941 hydrogen tn excess to develop its heat, and we 
have — 

Carbon "5198 X 12906 = 6708 nnite 

Hydrogen in excess .. ■0941x62535 = 5885 „ 

12593 „ 

Similarly for Oute Oil, composed of -7721 carbon, -1336 
hydrogen, and ■ 0943 oxygen, we have — 

Carbon -7721 x 12906 =s 9965 units 

Hydrogen ( ■ 1336 - ^-) = * 1218 X 62535 = 7517 „ 

17482 „ 
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Charcokl &om wood, conttuning -93 carbon, will give '93 X 
12906 = 12000 units per pound. 

(62.) Pb4t, artificially dried, contains '58 carbon, "06 hy- 
drogen, and '31 oxygen. The oxygen in the fnel will combine 
with '31 -r 8 = '04 hydrogen, leaving -06 - '04 = '02 hy- 
drogen in exceta, to develop its share of heat ; and we have — 

Carbon -58 x 12906 = 7485 units 

Hydrogen in excess .. -02x62535 = 1251 „ 

8736 „ 

Peat in its natural state of dryneaa contains '464 carbon, 
•048 hydrogen, and "218 oxygen. The oxygen will combine 
with '248-^8 = '031 hydrogen, leaving -048 - -031 = '017 
hydrogen in eiccHB, and we have — 

Carbon -464 x 12906 = 6988 units 

Hydrogen in excess .. '017x62535 = 1163 „ 



Charcoal of peat contains *818 carbon, and yields '818 x 
12906 = 10557 units per pound. 
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thne given ont 19 -|- 1200 = 1219 units, which is equal to 
1219-^ -25 = 4876 nnits i>eT pound. Table 42 gives the 
calorific power of combuatibleB by Bomfoid and otherB. 

Table 42. — Of the Calobific Powzr of Combubtiblbs, by 
Fhilosopbical E^iperiment and Theorj. 



Q2 P&AOTIOAL EXFBBUnCirrB OK TUKL. 

The oinnunstanoes ouder vhicli titis experiment wm made 
are analogonfi to most practical omos, and the heating power of 
wood in its ordinary state of dryness ma; be taken at about 
3600 nnits per pound of fnel. 

(68.) "Power o/<7oai«."— Eiperimenta were made upon the 
weekly oaoenmption of oools by two Elephant or French boilers, 
composed of a body of large diameter, connected by necks with 
three smaller ones about 20 inches diameter: the furnaces were 
Juckes' self-acting. The experiments were made with two 
kinds of coal, one a kind of Welsh cool, and the other, small 
cool, or screenings from Yorkshire coals; eac1i kind was experi- 
mented on for six days, from Monday to Saturday, and the result 
includes, therefore, loss by radiation during the night, &c., &c., 
and in getting np steam each morning. The water evaporated 
was measured in a vessel from which the feed-pnmp was 
supplied. 

(69.) With the Welsh coals 198,876 lbs. of water were eva- 
porated by 28,160 Ibe. of ooals, or 193876-5-28160 = 6-88 lbs. 
of water per pound of coal. The water had a temperatore 
of about 80=-, and hence we have (1178 - 80) x 19S876 -^ 
28160 = 7560 units per pound of Welsh coals. 

(70.) With the Yorkshire small coals, 167,526 lbs. of water 
were evaporated by 29,802 lbs. of coal, or 167526 -^ 29802 = 
6- 621 lbs. of water per pound of coal, or (1178 - 80) x 167526 
-~ 29802 = 6172 units of heat per pound of Yorkshire small 
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requires (1178 - 60) x 62-82 = 69674 tmita of heat, requiring 
69674 -r 8085 = 8-62 lbs. of ftverage KewcaBtle coal per do- 
tninal horse-power, ot 8'62-f- I'fi = 6'75 lbs. per indicated 
horse-power, Ac. 

Tablb 48.- 
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(•804 X I68) + (-04206 x iis) X 2 = 294 oabic feet of air 
at 62° per ponnd of coal. Galcnlatiiig in this wa; with the data 
in (60), &e., we obtain the fdlowing results : — 



Coals 


■8Mxl58) + C-W2M 


X mj X 2 = 2M 


Peot.dry 


■58 X 158) + (02 


X 473) X 2 = 202 


„ 0TdiDH7 state 


■464x158) + (017 


X 47a) X 2 = 163 


Coke 


■85 X 1S8) 


X 2 = 269 


Wood,di7 .. .. 


■51 X 158) 


X 2 = 161 


1, ordinsry Btato 


408 X 158) 


X2 = 129 


Chawoftl 


■93 X 158) 


X 2 = 294 


THB VOLCHB QV OA 


8, ETC., PBOnnCKD B 


r THB DiBFsaesT 



OOUBCSTIBLIB. 

(78.) The Tolnme of the gases and Tspoms after combustion 
depends of course very mnoh on the temperatote at which they 
are taken, bnt it will be convenient first to consider them at 62°, 
or the temperature at which we supposed them to enter tho fire ; 
the true volume at the actual temperature can then be easily 
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30 = 11371 cubic feet, being an increase of 11871 - 11350 = 
21 oubio feet by 1 lb. of vaponr as before. We can now eatdly 
calculate the volnme of vapour at 62° formed by the combustion 
of a ponnd of fnel whose composition is known. 

Thus 1 lb. of coal, by Table 41 contains -0519 lb. of hydro- 
gen, which combining with '0519 x 8 = '4152 lb. of oxygen 
forms ■0619+ -4152 = '4671 lb. of water, which again by 
Table 39 forma -4671 x 21-07 = 9-84 cnbio feet of vapour 
reduced to 62°. 

Wood perfectlydry contains /'■053 + (-053x 8^ X 21-07 = 
10- 05 cubic feet of vaponr at 62°. 

Wood in the ordinary state of dryness gives out 
^042 + (-042 X 8^ = -378 lb. of vapour, which added to (Be 
■ 2 water already formed in it, gives a total of ( ■ 378 + ' 2) X 
21-07 = 12-lcubicfeetof vapour at 62°. 

Peat perfectly dry givea (-06 + (-06 x 8^ x 21-07=ll-38 
cubic feet of vapour at 62°. 

Peat in the ordinary Btate gives ('■048-|-(-048x8)= -4321^ 
of water, which added to the '2 water already formed in it 
gives a total of (-432+ -2) x 21-07 = 13-3 cubic feet of 
vaponr at 62°. 



LEADIKO rAOTB IH OOMBUnTOIT, 
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to 10800 -^ (22 ■ 4 X ■ 238) + 62° = 20S8°. The other kinds of 
fuel fielding their respective quantities of beat to the air 
required for their combustion, will give different temperatures 
to that air, as per col. 11 of Table H, allowing tbronghoat 10 
per cent, for loss by radiation. Thus with coals, we require by ' 
(77) 294 cubic feet or 294 x '0761 = 22-4 lbs. of air, which 
having to carry 13000 x '9 = 11700 units, will be heated 
11700 -4- (22 ■ 4 X • 288) = 2194°, and entering the fire at 62°, 
will depart at 62 + 2194 = 2256°. 

The temperature of the air will also vary with the volume 
allowed for combustion. Table 46 gives the' variation of 
temperature for coala with different volnmes of air. 

Tabij! 4B. — Of the Temferatubb of the Are from a Fire-brick 
FoRNACE, Bhowii^ the effect of using different volumes of Air. 



SUfofthe 
Oijgen. 


CuDlc 
Feet. 


LIB. 


Incr««of 
Temp. 


T™p,of 


T™p.ofAlr 


Half burnt-. .. 
Quarter burnt .. 
One-fifth burnt .. 


294 = 22-4 
588 = 44-8 
735 = 56-00 


2194 -t- 62 = 2256 
1097 + 62 = 1159 
878 + 62 = 940 



(88.) " Neans of obtaining very high Teiaperaturet." — We have 
seen in (87) and by Table i5, that the temperature is increased 
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and E F, be cut oat and removed, the mdiont heat that vonld 
have fallen on them paesee out into the atmosphere and ie lost ; 
bat knowing the proportion which those two segments bear to 
the whole sphere, we can estimate the amount lost by their 
removal. The roles of mensuration show that the surface of 
anjr sphere or segment of a sphere, is given by multiplying the 
oircnmference of the sphere by the diameter, or by the height of 
the s^jment. The distances C E and G D are given, in ear case 
12 in. and S in. respectively, and the angle C E F being a right 
angle, we get the diameter C F of the oiicninscribing sphere 
= V 1-^* -|- 8' = 14*4 inches or 15 ' 2 inches circumference, and 
45-2 X 14-4 >: 650 tutol surface. The area of the two seg- 
ments ia45-2xl'2x2 = lOS, leaving in the apparatus 
660 — 108 = 542 square inches to absorb the beat, the ratio 
of the suriace of the whole sphere to which is 650 -i- 542 = 
1-2 to 1. 

(92.) With this apparatus the weight of water was 23* 84 Itn., 
and the vessel itself which was made of tin plat« weighed 4 * 9 lbs. 
The combustion of ■ 1232 lb. of wood charcoal raised the tem- 
perature 25°-2, the water received 23-84 X 25-2 = 600-7anit8 
of heat, and the vessel whose specific heat (2) was - 11 received 
4-9 X 25-2 X -11 = 13-6 units, altogether 600-7 + 13-6 = 
614-3 units, which with a completely snrrounding surface would 
hare been 614-3 x 1*2 = 737 units, or 737-^-1232 = 6983 
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rost, as in ool. 10 of Table 44, which gives a general and colleoted 
Btatement of the facts, arrived at in the foregoing investigation. 

(98.) " Comhuttum mth Steam-hoilert." — We may now apply 
all this to the case of a steam-boiler, and will aasnme that with 
ordinary firing abont 6 per cent, more of the combustible matter 
in the fuel falls nnconenmed from the grate, than in the experi- 
ments from which the data are derived, the ofleful heat being 
reduced to 13000 X -95 = 12350 units; we will also assume 
that each pound of coals requires 800 cubic feet, or 22 '83 lbs. 
of air at 62°. 

Let Fig. 7 be a boiler or fire-box — not of a practical form, bnt 
such B8 to serve for the illustration of the case in which the fire 
being completely earronnded by an absorbing surface, will loie 
none of its radiant heat. In soch a case 60 per cent, of the total 
heat in the fuel will be given ont by radiation, and 50 per cent, 
to the air by which the combustion is supported ; the first, or 
6175 units, is absorbed by the side, &e., of the fire-box, and 
6175 units pass off with the air into the ohimuey and are lost. 
The temperature of the air as it departs may be found as before ; 
the heat carried ofiT by it would heat 1 lb. of water 6175°, 
therefore a pound of air, 6175 -f- • 238 = 25950°, and ae we have 
22-83 Iba. of air the increase of temperature will be 26950 
-^22-83 = 1138°, and the final temperature 1138°+62° = 
1200°. 
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bouse, we may take this loss at 13 per cent. Collecting these 
reeolts, we have the total heat in I iW of coal (13,000 nnita) 
distributed as shown by Table 47. 

Table 47. — Of the Dibtbibtttion of the Heat in Onb Pound of 
CoiLB, by an ordiDnry Boilw, witb iDlemal Kre. 

In Afihea. left nnbnrnt 13000 x 5%= 650 nnita 

Loflt by Air in Chimney 13000 x 20J = 2600 „ 

Lost by Badiution, &a., in Boilet-hoiiM .. 13000 x U% = 1560 „ 

Utilized in piodocllon of Steam .. .. 13000x63^ = 8190 „ 



(104.) "Bl^encg of Long and Short Boilerg."~We have 
stated (100) that a high tempentnre of the air in the chimney 
is necessary in order to obtain a good draught ; but if it were 
not so, an extreme length of boiler wonid be necessary to secnre 
even a small portion of the heat wasted. Say we doubled the 
length of our boiler. Fig. 8, contintiing the calculation of the 
SQCcesdve temperatures, wo obtain the seriea given by Fig. 9. 
The heat lost by the chimney in this case would be the amount 
necessary to heat 22-83 lbs. of air 307° (or 369° - 62°), or 
22 • 83 X S07 X ■ 238 = 1 668 units. With the ordinary length 
of boiler the loss from the same cause was 2663 imits (102) ; 
Eo that by doiAling the length we obtain 2663 - 1668 = 99S 
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by forced firing we lose for each pound of coal 226 x 22-83 x 
■ 238 = 1228 nnita of heat ; and as with ordinary firing we 
obtained 8190 units (Table i7), we now obtain only 8190 — 
1228 = 6962 unite, which is 6962 -^ 8190 = -86, or 86 per cent, 
diowing a Iobb of 16 per cent by forcing the fire to the extent of 
a double conBumption of fael. 

(108.) " Effect of too muck .dir."— When more air is used than 
is neceeeary to effect the proper combustion, a great loss occnre. 
We shall have as before 6176 units given out by radiation to the 
fire-box surrounding the fuel, and 6175 units to be carried off 
by the air ; bnt, instead of 22 - 83 lbs. of air per pound of cool, we 
shall now have 45 - 66 lbs. of air ; its temperature will therefore 

be raised i,— jr„ ^155= 669°, and the atmospheric tem- 

4o-b6 X 'ado 

peratnre being 62°, it will leave the fire at 569° + 62= = 631°, 
instead of 1200°. Then, calculating as before with Fig. 8 and 
(101), we have 631° - 300° = 331° for the first difference, and 
331 -H 10 = 33° for the decrease between the first and second 
points ; the second point will therefore be 631° — 33° = 698°, 
&c., &c.; and thus we obtain the series of nambers in Fig. 10. 
It will be observed that as the velocity is double, the distances 
between point and point will be doubled, and the air will pass 
into the chimney at 476°, or 476° — 62° = 413° above the tem- 
perature of the atmosphere ; and the amount of beat lost thereby 
will be 45-66 X 413 X '238 = 4488 unite, and we have— 
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forming 1 oarbonio oxide, and in Hat case the coals we bave 
oonsidered would give — 

lu carbon bnrniog to carbonic acid '402 x 12906 = 6188 units 

„ „ oxide -402 x 4453 = 1790 „ 

„ hydrogen „ Trater -04206x62535 = 2630 „ 



In this case we ahonld have therefore 9608 -j- 13000 = -74, or 
74 per cent of the heat dne to the best condition with the proper 
qoantitf of air. 

(111.) This win explain the anonudoas &ot that where there 
is a liad draught, not only is there difScolty in keeping np the 
steam, &c., but that there is a great oonsnmption of fuel for 
the work done ; it might be expected that with a alow dull fire 
few coals would be burnt, or if by dint of forcing, fuel was 
largely conaumed, it miut yield the heat due to it, but it will 
be evident that it is possible for there to be a dull fire, a large 
conBomption of fnel, and little usefnl result at one and the same 
time, and all this arising iroja insufficient draught 

It will also be seen that in every case the proper regulation 
of the damper is a matter of extreme importance, and that nice 
adjustment is necessary to produce the best effect, too much or 
too little air causing a great loss of fuel ; an intelligent stoker, 
witiiDut any knowledge of the theory, finds by experience the 
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(0 -f- 1) -i- 2 = i ; the whole boiler therefore receiTeH only half 
the amount of heat that it wonld have received if its whole snr* 
feee had been ae effective aa F. We have thus to consider, not 
aalj the real surface of a boiler, but the effective eurface, in 
estimating the reanlt to be obtained, and wo shall aesnme as a 
standard a flat and horizontal eurface with the heated air beneath 
it, as so much effective surface, and shall reduce all other surfaceB 
to that standard. 
' (114.) In Fig. 17 we have an octagonal boiler which we will 
suppose to bo placed in a hot-air flno and esposed all over. On 
the same principles as before we find that if the surface F 
absorbs an amount of heat represented by 1, then B will receive 
and C, D, E, the respective quantities {, ^, and J as in the 
figure : the sum of whole is 4, wheieas if the eight sides of the 
figure had all been as effective as F, we ebenld have had 8. 
Here, therefore, as with a square figure, the efieetive surface is 
half the real surface exposed. 

(115.) Let Fig. 18 be a cylindrical boiler filled with water 
for illustratiou as before, and we have the effective surface 
represented b; a series of numbers, as in the figure, bova at 
A to 1 at B, &c. ; the mean of the whole is half the maximum 
as before. 

Bat, with cylindrical boilers heated outside, the lower half 
of the cylinder only is usually made available as in Figs. 19, 27, 
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about 18 effective square feet of siir&oe per nominal horee- 
powcr; lO-horee, about 14 square feet; 20 horee, about 12; 
and 50-liorse, about 11. The boat rule ire can give is an 
empirical one : 

A= ^H + (V"Hx2-5) xS, 

in wbicb H = tbe nominal boree-power, and A = the effective 
area of the boiler in equare feet eetimatod as explained in (113), 
&o. Thus, nitb the SO-borse boiler. Fig. 36, the body of tbe 
boiler having its lower half only exposed to the heated air gives 

a and their 
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3-14 X 7-6 X 30 -~ 2 = 352 square feet of aotaal anrfaoe, «nd 

as by (115) the effeotiTe snrface in such a case is ^ths of the 

actual, we have 352 x '76 = 264 eqoare feet effective. Then 

the tTTo tubes have an actual eurfoce of 3- 14 x 3 x 30 x 2 = 

566 square feet, — equivalent to 666 -i- 2 = 283 sqnare feet 

effoctive ;— the snm is 264 + 283 = 547 square feet or 547 -r 

60 = 11 square feet per nominal horse-power. Tables 49 and 

60 have been calculated by this mle. 

(119.) "Boilers for Steam-enginet." — It is very desiralbe that 

in all oases the power of a boiler should be estiniated by the 

cnbio feet of water evaporated to steam per hour rather than by 

the horse-power, which is easily done when the diameter of the 

cylinder, Ac., &o., is known. Thus with a 12-inch cylinder, 

2 feet stroke, 50 revolutions per miiinte, cutting oS 45 lbs. steam 

at ^rd ; the area of cylinder being * 7854 Bquare foot, and the 

bulk of 45 Ibe. steam = 439 for water 1 by Table 71, we shall 

■7854x4x50x60 „ ,^ v- - . , , 
Teqmre — jr^ = 7'15 cabio feet of water per 

hour. 

(120.) A common high-presenre engine with 40 Iba steam, 
working withont expansion, except a small amount obtained by 
lap of the slide, consumes about a cnbic foot of water per 
nominal horse-power, Thns an engine with 12J-iiich cylinder, 
24 inches stroke, cutting off at 17 inches by lap of elide, with 40 
revolutions per minnte, and 40 lbs, steam, would show by the indi- 
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expansion ; they also show that the economy of steam in non- 
oondenaing enginea inareasee with the presenre when the lata 
of expansion is duly proportioned thereto. Thus with 30, 46, 
60, and 75 lbs. steam expanded to a terminal preeEiare of in all 
coaag, we require by ool. 5, -88, -69, -593, and -528 cnbio foot 
of water per nominal horse-power respectively. 

Say we have an engine with 35 lbs. steam, cut off at -firths by 
lap of slide, and doing a certain amount of work, and we desire 
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ie IB lbs. pat sqiutre inoh, whioh added to that due to the 

Tocunm giTOB a total of 13+14 = 27 lbs. mean pregBora 

tfatongboQt the stroke^ By tba rnle in(12I),H being 1-098 

by Table 51, P = 26 + 15 = 40, P' = 15 - 14 = 1, and E = 3, 

(40x1-908) + 40 , „,,. ., 
p becomes ^^ 5 — ' — 1 = 27 lbs. as beioia. 

Having thas shown how variable and indefinite a term 
" hoFse-power " is as applied to boilers, we may repeat with 
emphasis the recommendation in (119) to calculate their power 
by the n-ater eTsporated, whenever it is possible to do so. 

(125.) " Feed-teater Heater." — The economy of fuel for a 
Bteam-boiler depends in part on the temperature at which the 
feed-water ia supplied to it. The water heat«r to a non-con- 
densing engine generally consists of a water jacket on the 
exhaust pipe, and when the ezhaaet steam escapes at the pres- 
sure of the atmosphere, its temperature will be 212°, which of 
course is the maximam to which the feed-water can be raised. 
But by placing the heater in the flue leading from the boiler to 
the chimney, where the air is about 500° or more (100), a much 
higher temperature may be obtained ; there is, however, con- 
siderable practical difSoulty in carrying out that arrangement. 

The mean temperature of water in this climate is about 50°, 
as shown by Table 34, and to convert a pound of water at 50° 
to steam (18) requires 1178 - 50 = 1128 units of heat. With 
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sapeibeateT is (550 -f G20) -^ 2 = 686°, and that of the steam 
being (230 + 335) -^ 2 = 308° ; the difference is 636 - 308 
= 227°, the ratio for which by Table 105 ie 1-7, and the valne 
of A for aay 3-inch pipe by Table 99 being -6256, we have 
•6256 X 1 -7 X 227 = 241 units per square foot per honr. 
Hence we require 82180 ~- 241 = 341 square feet of tnbe snr- 
&ce; and the outside (319) area of a S-inch pipe being say '9 
of a square foot, we requite 341 -j- • 9 = 380 feet run of 3-inch 
pipes; see (282), (315). 

Admitting 8190 units as the imful effect of a pound of coal, 
as per Table 47, the saving of fuel by superheating is 82180 
-j-8190 = 10 lbs. of coal per hour, or about 1 horse-power, asd 
what is perhaps of more importance, the formation of obstructive 
water by condensation is avoided. With the proportions we 
have given, the steam enters the cylinder of the engine at the 
same temperature as it left the boiler, and objectionable over- 
heating, which is the great drawback to superheating, ia 
prevented. 

(127.) "Furnaces to Steam-boilen" — The consumption of 
fuel per square foot of grate may be varied very considerably 
when the draught is good, without any sensible effect on the 
economy : in ordinary cases liJ or 14 lbs, of coal per square 
foot per hour is a good average quantity. A very large grate 
and thin fire ia very objectionable, for without great care parts 
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calciil$kted by this rule, also col. 14 of Table 50. Thus for the 
60-horse boiler in (118) the proper area of fire-grate would be 

f 50-f-(V50 X 2-6^ -^2 = 33-8 square feet, say 5-5 x 6 

= 33 square feet. Allowing 13 lbs. of coals per square foot, 

we have 33 x 13 = 430 lbs. of coals per hour, or 430 4- 50 

= 8*6 lbs. per cubic foot of water, or per nominal horse-power 

(118). Col. 3 of Table 43 gives 8*62 lbs. of Newcastle coal 

per cubic foot of water evaporated from 60° to steam. 

(128.) ^^ Fire-bars " — Fire-bars should be short, thin, and 
deep ; the length in most cases should not exceed 3 feet ; a long 
fire-bar is apt to be distorted by the heat, and give trouble, and 
this will not be obviated by increasing the thickness. A thin 
bar will stand better than a thick one, despite its apparent 
weakness ; but the fact is, that a fire>bar is cooled by the passage 
of cold air on both sides of it, and thus a thin bar is cooled 
more effectively than a thick one. Fig. 12 gives good general 
proportions for fire-bars ; the dimensions apply to all lengths 
except the depth at the centre, which is given by Table 54, 



Table 64. — Of the Proportions of Fire-bars for Steam-boilers, 

&c., &c. 



Length. 




ft. in. 


inches. 


1 


2i 


1 3 


2i 


1 6 


3 


1 9 


3t 


2 


3* 


2 3 


3i 1 


2 6 


4 


2 9 


H 


3 


** 1 




j ! ; Weight 

Length. Depth. Weight.' „ P^^ 
° , Square 

I I Foot. 



, ft. Jn. 


inches. 


ll)S. 


1 3 3 


4| 


29 


3 6 


5 


32 


3 9 


5i 


35 


4 


51 


39 


4 3 


5} 


42 


4 6 


6 


47 


4 9 


6i 


52 


' 5 


GJ 


♦56^ 



lbs. 

89 

91 

93 

98 
100 
104 
109 
113-5 



which is calculated by the rule L -|- 1 * 5 = d, in which L 
= the length of bar in feet, and d the depth at the centre in 



Actual weighti?, obtained by weighing the castings. 
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inches. The fourth column shows that short hare weigh less 

per square foot than long ones. 

" Dead-plate, tie." — The object of the desd-plate is prinoipslly 
to keep the fire awa; from the farnBoe-&ont, and prevent it 
becoming unduly heated. Its width may vary with the size of 
the boiler, as is shown by Figs. 36 to 43, being 6 inches wide 
in small, 9 inches in medium, and 12 inches in large boilers. 
For the same porpose, a screen-plate as at D in Fig. 8 is a 
useful addition to the furnace-door. The figures give the longi- 
tudinal section of furnaces. The hearing-bara should not be 
firmly £xed to the boiler, as at A, Fig. 20, as is frequently done, 
for in that case the expansion by heat is very apt to work the 
screws loose, and cause leakage ; but should rest loosely in » 
pocket formed of angle-iron, as at B. The back-bridge may be 
of thick cast iron, or of fire-brick, as in the figures. 

(129.) " Steam-chegL" — The primary object of a steam-chest is 
to form a steam reservoir, where the steam may be quietly sepa- 
rated from the water, which otherwise is very apt to prime over 
with it (72). In single-fiued Cornish boilers, lie steam-space 
is very small, and a steam-chest is essential ; hut in the double- 
fined boilers, as in Fig. 36, &c., there is abundant steam-room . 
without a steam-chest : naverthelcss it is advisable to adopt it in 
all cases ; for with a little management, the mon-holo and the 
steaid- valves, &c., may all be fixed upon it, as in Fig. 21, and in 
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with that size, the pressure wonld increase considerably (perhaps 
15 or 20 per cent.') above that to which the valve was loaded. 
Nor can this he obviated without using valves of enormous and 
impracticable Bize. 

(132.) It will be seen from this that there is no precise stan- 
dard for the size of a eafety-valve : all that con be done is to 
fix upon a size that will not suffer the pressure to lise to a 6tm- 
gerous extent. The area of a safety-valve should be proportional 
to the area of fire surface in the boiler, and should be determined 
by that rather than by the horse-power of the boiler. We may 
admit aa the result of experience that a 20~horse boiler (as in 
Table 50) with 45 lbs, steam requires one valve 3 inches dia- 
meter. N'ow that boiler has an area of 216 square feet, or 246 
-i- 3* = 27 square feet per circular inch of valve, or 3 square 
yards ; and for this pressure we may take the rule X - <P x 27, 
in which d = the diameter of the valve in inches, and A = the 
effective area of the boiler in square feet The fourth column in 
Table 55 has been calculated by this rule. 

(133.) We can calculate from this the areas with other pres- 
sures, say with the same boiler, we take 7 lbs. steam. We find 
by Table 71 that we have to discharge a larger volume of steam 
than with 45 lbs. preseoie, in the ratio of 1138 to 439, so that 
the 3-inch valve, which was equal to 246 square feet of boiler 
surfoee with 46 lbs, steam, would now be equal to only 246 x 
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Table 65. — Of the Sizes of Safety-valves for Steam-boilers. 



Diameter 

of 

Valve. 



ia. 
1 

li 
2 

^ 

3 

5 
6 



1 

H 

2 

24 
3 

3J 
4 

^ 

5 

5J 

6 



Pressure of Steam in Pounds per Square Inch above 
the Atmo^here. 



25 



45 



65 



100 



' Effectice " Area of Boiler Surface in Square Feet. 



7 

15 

27 

42 

61 

83 

108 

137 

169 

203 

243 



17 


27 


38 


39 


61 


84 


67 


108 


149 


105 


170 


235 


151 


243 


335 


205 


331 


457 


268 


432 


596 


329 


547 


755 


418 


675 


932 


505 


814 


1123 


603 


972 


1341 



54 

123 

218 

343 

491 

668 

873 

1105 

1363 

1644 

1963 



Nominal Horse-power of Bo^er. 



2 
3 
5 

7 

9 

12 

16 

20 



• • 


• • 


• • 


• • 


3 


5 


3J 


7 


10 


7 


13 


18 


11 


20 


28 


16 


28 


41 


22 


39 


56 


28 


50 


« • 


37 


64 


• • 


46 


■ • 


• • 


67 


• • 


• • 



3 

8 

17 
29 
45 
63 



Note. — The effective area meant in this table is explained in (113-116); 
see also Table 49 for the oonneotion between the effective area and the 
horse-powers of boilers, &c. 

and 6-inch for 7 lbs. steam, &c. The second part of Table 55 
gives the horse-power of safety-valves of different diameters 
obtained in this way. Table 50 also gives in col. 16 the proper 
diameter of safety-valve for different sizes of boilers. 

(135.) The forms of safety-valves are variable ; they are 
commonly made conical in both valve and seat as in Fig. 22, 
but it is much preferable to make the seat very narrow, say 
^^th of an inch wide, as in Fig. 26. With a wide seat 
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there is considerable nncertttiiity iu estimating the acting or 
effective diameter, vhich is nsnolly intermediate between the' 
large and small diameters of the cone ; with a narrow seat this 
is avoided, and if well executed it is more easy to grind true and 
keep steam'tight. Bafety-Talves are frequently made close- 
topped with a waste-pipe to the chimney ; but this is objection- 
able, because the valve may be leaky, or by careless firing the 
steam may frequently be allowed to get up too high and blow 
off without attracting attention. The open-topped form is pre- 
ferable, and with ordinary care in firing should seldom be found 
blowing off. 

. A convenient and inexpensive form of safety-valve is shown 
by Fig. 25 ; the valve is spherical, fitted to a cylindrical seat. 
The line e,/ is drawn from the point where the sphere and the 
cylinder touch, at an angle of 46°, and cuts the axis B, E at a 
point which is the centre of the sphere of which the valve is a 
part. It follows from this, that the radius of the spherical 
valve is 1 ■ 414 times the radius of the cylindrical seat, so that for 
valves 1, 2, 3, 4, 5, and 6 inches diameter, the radius of the 
sphere is -71, 1-41, 2 12, 2-83, 3-54, and 4'25 inches respec- 
tively. The valve might be a simple cone as at F, but the 
spherical form is the best ; it is shown enlarged at H. 

In adjusting the weight G, allowance should be made for the 
weight of the lever and valve atone, which may be done by the 
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so that a pnrticle of tax traverses it in the same time, whetber 
the boiler be long or short, and departs into the chimney cooled 
down to the same temperature in oil ensee. Let os tabe Aree 
boilers, say 10, 20, and 30 feet long, and 4, 16, and 50 horee- 
power, as per Table 50 ; the Telooities should therefore be in 
the ratios 1, 2, 3, and the volumes of air in the ratios i, 16, 50, 
or 1, 4, 12 nearly ; the areas must therefore be in the ratio of 

^4^ o,i . 1, 1 =2,«.a i? = 4,.oth.llh.6W.o™eboil.r 
Velocity 12 3 

requires a flue only fonr times the area of a 4-borse one with 
the length of boilers we have taken. If the volume of air is 
proportional to the horse-power, and the velodty proportional 
to the length, the area of flue would be in the ratio of Horse- 
power -t- Length. 

(138.) But we have seen (117) that the volnmo of air is not 
simply proportional to the horEO-power, small boilers consuming 
more fuel per horse-power than large onee, and requiring more 
air. The area of flue must therefore be made proportional to 
the area of (he fire-grate, or (what is the same thing) to the 
effective area of the boiler, and the rule becomes 

«= Ax47-rL, 
in which A = the effective ares of the boiler in square feet as in 
(113), L - the length of the boiler in feet, and a ^ the croaa- 
sectional area of flue in square inches. Thus in our caaee, the 
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Theeu data have been CMmmoulj taken as Btandarils in calcn- 
lating the Btrength of boilers, bat Btafibrdsbire plates, wbicb 
are more coDimoDly used tban any otber, have considorablj less 
strength than those &om which these data were derived. The 
mean strength of the solid plst« in Staffordshire iron-is 20 tooe, 
ot 44,800 lbs. per eqntire inch ; but Mr. Fairbaira's experiments 
hare shown that the metal ie damaged by panehing, so that the 
strength of the unpunched plate per square inch being 1-0, 
that of the metal between the holes is '7615 in Bingle-rivetcd 
joints, and - 933 in double-riveted ones. Hnoh of this reduced 
strength js loet b; the metal being punched out for the rivets ; 
thus with ^ plate, \^ rivets, 2 inches pitch, the space between 
the rivet-holes is ly'^, and the ratio of the area through the 
line of rivet-holes is to that of the solid plate as IfV -^ 2 or 
21-^32 = -656 to 1. Hence the reduced strain on tho Bolid 
plate when the joint is breaking at the rivet-holes, ie with 
single-riveted joints 44800 x -7615 x*656 = 22380 lbs. or 
10 tons per square inch, and with double-riveted joints 
44800 X -933 X "656 = 27420 lbs. 

(141.) Taking the working strain at oue-siitb of the ulti- 
mate strength, we have for single-riveted joints 22400 -^ 6 = 
3733 lbs. per square inch, and the rules: — 

p = 7466 X (-rd; t = px (^4-7466, 
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varies directly as the 2 -IS power of the thicknesa. Bud in- 
versely as the diameter and length, and he gives the following 

P= 33-6 X (100 ()■■'• -4-(Lxd) 
andp= B-6 X (100()'"-i-(Lxd), 

in which P = the collapsing pressure in pounds per sqnare inch, 
p = the safe working preesnre in do. do. 

d = diameter of tube in inches, 
L = length of tube in feet, 
I = thickness of plate in inches. 

To find the 2*19 power of the thickness we must use loga- 
rithms : thus, say we have a tube J inch thick, 30 inches dia- 
meter, and 10 feet long. Then 100 i is -25 x 100 = 25, the 
log. of which is 1-398, and 1-398 x 2-19 = 3-0616, the 
natural number due to which is 1152. and this is the 2-19 
power of 25 as required; we now find P by the rule 33-6 X 
1152 ~ (30 X 10) = 129 lbs. per square inch. 

It appears from this that P x ^ X L is constant for the same 
thickness of plate, hence we have the rules 33-6 X (100<)''" = 
P X d X I- ; and 5- 6 X (100 ()'" = p x ^ X L. 

Table 58 has been calculated by these rules, and &om it we 
can easily find the strength of a tube by the simple mles of 
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may be resietod in two ways, iiamely, by preventing B and F 
trout giving in, or Q H from giring ont ; if G H be prevented 
from bulging out, E and F will be effectually prevented from 
collapsing. This is effected by slipping on the tube, thin deep 
tings of iron, say f X 3 inches deep, as J in Fig. 31 ; sncb rings 
are free (from their small thickness) to the objection of in- 
creasing the thickness of the metal exposed to tbe fire, &o., &<:., 
to which L iron rings are liable. 

Oval tabes are excessively weak in resisting an external preB- 
snre. The diameter to be taken in calculating their strength is 
given by the rule : — 

(i = (M'-Hm)x2, 

in which d is the effective diameter, M = the major, and m = 
the minor axis, all in the same terms. This rule gives the dia- 
meter of the circle, of which the flattest portion of the ellipse is 
a part, and by which the collapsing pressure is governed. Thus 
with M = 3, m = 2, d becomes (3^ -^ 2) x 2 = 9 feet effective 
diameter. 

Mr. Fairbaim made an experiment with an oval tube 20| x 
15^ inches, 5 ft. 1 in. long, which, with a thickness of j inch, 
collapsed with 127^ lbs. per square inch. In this case d = 
(20'75'~ 15-5) X 2 = 55'56 inches effective diameter, and by 
Table 58 the collapsing pressure will be 38720-^(5-08 x 
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Borfoce level to oolcnl&te from ; in the case of air, for instance, 
the density diminielieB as we leave the earth in geometric ratio, 
and the limit is in infinity. But for the purpose of calculation, 
v6 may find what the height of the atmosphere wonld be, if it 
had throughout, the same density as it has at the enrface of the 
earth. Asanming that the harometor wae at 30 inches, we find 
from Table 37 the density of mercury to be 13-596, water 
being 1 ; and from Table 39 air has a density of -001221, water 
being 1, the height of a homogeneous colnmn of air equal to 

30 inches of mercury is therefoie „„..„■ ^t; = 27838 feet, 

■001221 X 12 ' 

and although this is fictitious, we may use it fur the purposes 
of calculation without error. We shall now find the velocity 
into a vacuum by the rule for falling bodies to be ^ 27838 x 8 
= 1344 feet per second. 

(149.) The velocity of steam at atmospheric pressure into a 
vacuum, may be calculated in the same way : taking its density 

from Table 39 at ■ 0007613, we have —H'-f J|_^ = 44648 feet 

for the height of a colnmn of steam equivalent to 30 inches of 
mercury, and the velocity into a vacuum .^^ 44648 X 8 = 1690 
feet per second. 

Applying these rules to air, steam, &c, of othei; than ordinary 
densities and pressures, wo are conducted to the r^oarkable fact 
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and for coal-gas of density ' 42, ait being = 1, the rule : — 

V= VPxl02, 
in which P = pressure in inches of water, and Y = velocity c^ 
discharge in feet per second : cols. 3 and 6 in Table S9 have 
been calculated by these roles. 

Table 69. — Of tbe Vblocitt of DiscfiABOE of Couuon Ant and of 
. CoAL-OAS, at ordinary Temperature and Fieisure, with small 
differenceB of Pressure. 
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constant, «nd may be taken at ■ 51 for a thin plate, and * 7 for a 
abort tube; bnt tbe experimeuta in (181) show that for a thin 
plate Daabiiiesoii's coefBoient - 66 is oorreot as. applied to bigh- 
presanre flteam ; for a short tube we may admit ■ 7 as correct for 
all presBurea. 

Tablb 60 — Of tlie Veixicitt of BiecHABGE of Compbessed Air into 
the AtmoBphere. 



EicMS or Pminn tbore 


tial 


T..^ 


BlortPlpe. 




T,;S 


Coefficient 


Velodly C« 






















Contncu™. 




perSKOBd. 


0-01 0-3 0-147 


132 










0*10, 3-0 1-47 


402 


■64 


257 


R2 


330 


0-5 


15 


7-35 


771 


■57 


439 


71 


547 


10 


30 


14-7 


944 


■54 


510 


«■; 




50 


150 


73-5 


1218 


■45 


548 


hi 


(658) 


10-0 


300 


147-0 


1272 


■436 


555 


hi 


649 


lOO-O 


3000 


1470-0 




■423 


562 


4K7 


646 


(') 


(!) 


(S) 


W 


W 


<ej 


1) 


m 



(155.) " Friction of Long Pipes." — We have so far considered 
only the head or pressure necessary to give any required 
velocity with an orifice, or a pipe so short that the friction was 
inappreciable ; bnt where the length is considerable, there is a 
eedond loss of preesare dne simply to the friction of the air or 
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(ot difference of preBsnre at the two tmia of the pipe) in inches 
of water. These roles cannot be easily worked withont the use 
of logarithms ; bat we have calculated b; them Table 61, for 
the use of which we have the following mlea : — 

(157.) 1st. Having the diameter, length, and discharge given, 
to find the head, take &om Table 61, opposite the given dia- 
meter, the Dumber in colnmn 2 or 3 (aoooFding to the terms ir 
which the head is desired ), and multiply it by the sqirare of tbC' 
given discharge in onbip feet, and by the length in yards ; and 
the product is the head in inches of water, or in ponnds per 
sqnare inch, dne to friction alone, to which the head dne to 
velocity has to be added from Tables 59 or 119, &c. 

(168.) 2nd. Having the head, diameter, and length given, 
to find the discharge, assume a discharge and calculate the 
head for that as in (157) ; divide the assumed discharge by the 
square root of the head due to it, and multiply by the square 
root of the given head ; and the quotient is the true discharge 
sought. 

(159.) In order to fMsilitate calculation, the Table 61 is so 
arranged, that for diameters under one inch the discharge must 
be taken in cubic feet, as in (167), &c., but from 1^ inch to 
2i inches in tens, &om 3 inches to 8 inches in hnndreds, from 
9 inches to 24 inches in thousands, and irom 30 to 60 inches in 
tens of thoosands of cnbio feet. 
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Bqnore and other rectangnlar oliuuiele ma; be assimilated to 
that of tonitd pipes, and then the Telocity, &c., may be calcu- 
lated bj the rules and tables given for the latter. The velooitj 
of discharge, whateTer may be the form of the pipe or channel, 
is in all cases propoitional to the sectional area divided by the 
periphery or circumference. In round pipes, this is always 
one-fourth of the diameter: thus a pipe 1 inch diameter baa an 
area of -7854, and a oircumference of 3-142,and -7864-^ 
3-142 i -25; anda 4-inch pipe gives 12-57 -f- 12-67 = 1. 

" Square Pipeg." — Square pipes give the same uniform ratio : 
thns a pipe 1 inch eqoare will have on area of 1, and a periphery 
of 4 inches, and ^ - - 25 as with a cironlar pipe : again, a pipe 
4 inches sijuare has an area of 16 sqnare inches, and a periphery 
of 16 inches also, and as with the round pipe 41 = I. It follows 
that the velocity of discharge with a square pipe is the same as 
with a round one, with the same length aud head, &c. ; but of 
coarse the quantity discharged will be greater with a square 
pipe in the same projtortion, as the area of a square is greater 
than that of a circle, or as 1 to -7854. 

" Sectangtilar Pijpet." — The same laws apply to rectangular 
pipes : thus a pipe 6 inches by 3 inches has an area of 18, and 
a periphery of 18 also, and ^g = 1, which is the same as a 
4-iBch pipe, as we have seen; tfaerefure a round pipe 4 inches 
diameter will have the same velocity of discharge as a pipe 
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estimate the diBcharge of steam by the horse-power instead of 
by the Tolame, although, as we have Bhonn (117), the latter 
is by far the most Batisfactory. Admitting that 1 cnbio foot of 
water evaporated to steam at any pressure (19) is equal to 1 
nominal horse-power (118), Table 71 gives direct the volume 
of steam per cubic foot of water for the different pressures ; 
thus, with 45 lbs. steam, we have 489 cabio feet of steam per 
cubic foot of water, or per horse-power. Say that we have 100 
horse-power and a short 4-iiich pipe, and require the loss of 
pressure neoessary with uniform tielociltf (166). We have 
439 X 100 -^ 3600 = 12-2 cnbic feet per second; the area of 
the 4-inch pipe is 12*66 sqaare inches, which at the contraction 
becomes 12-56 K '7 -^'144 = ■ 061 sqaare foot, hence the velo* 
city is 12*2-^-061 = 200 feet per second, the head due te 
which by the laws of felling bodies is (200-r8)»= 625 feet, 
which being a colnnm of 45 lbs. steam, is equal to 625 -f- 439 = 
1-424 footof water, or 1-424-^2-3 = -619 lb. per square inch ; 
the pressure at entry being 45 lbs., that at the exit end of the 
short pipe wiU be 46 -- 619 = 44-381 lbs. 

(165.) The pressure thus lost in discharging a fixed volume 
of steam varies inversely as the fourth power of the diameter of 
the orifice, for this reason : the area of a circular orifice, and 
consequently the velocity of efflux with a fixed quantity 
varies as d', and as the pressure varies as T*, the ratio becomes 
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for velocity, and by Table 120 (u>y for 1041 borBfr-power) 
■0238 X 10 = -ass lb. for friction, making a total of -783 + 
•ifiB = 1-081, say 1 lb. per square inch, thus reducing the 
effective pressure at the engine to 7 — 1 = 6 lbs. per square 

Example i. — Say that the steam of a 20-horse boiler is used 
for evaporating pans or similar work where the velocity iS 
uniform ; then with 26 lbs. steam, and 60 yards of 2-incb pipe, 
Table 119 gives -618 lb. for velocity, and Table 120, -0779 x 
60 = 3-9 Iba. for friction, making a total of -618 + 3-9 = 
4'GIS lbs., and the pressure is reduced to 25 — 4*6 = 20'6 lbs. 
per square inch. 

(168.) When the diameter of the piston, &e., is known, it is 
better to calculate for the volnme of steam rather than by the 
horse-power (117). Thus, say we have an engine with 24-Lncb 
cylinder, 4 feet stroke, making 30 revolutions per minute, the 
steam-pipe being 4 inches diameter, 20 yards long, and the 
pressure of steam in the boiler 25 lbs. per square inch. 

The moxiTnum velocity of the piston is that of the crank-pin, 
or 4 X 3-14 X 30 = 377 feet per minute = 6 • 8 feet per second, 
which with a 4-inch pipe becomes 6-3 x 24*-=- 4* = 226 feet 
per second, or with -7 for coefficient, 226 -r- -7 = 323 feet per 
second in the contraction at entry (163), the head due to which 
is (323 -i- Sf = 1632 feet of 25 lbs. steam, and the volnme of 
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preBanre in inches of water, bj which we maj calcnTate the 
velocities, &o., by the rules and Tables 59, 61, Aa^ &c. 

We allowed in (98) 300 cubic feet of air at 62° per pound 
of coal; in passing thiongh the fire this is highly heated and 
it leaveB at 1200% and is expanded to about S} times its former 
volume (Table 24) ; &om thence to the chimney it is ^roffxs- 
sively cooled to 652°, and becomes reduced to double its 
normal volume, or to 600 cubic feet. If we allow 10 lbs. of 
coal per horse-power, we have to pass 6000 cubic feet up the 
chimney per horse-power par hour. 

(170.) " Bound Chimneya." — Say we require the power of a 
chimney 80 feet high, 2 feet 9 inches diameter, attached to 
Bteam-boilers 30 feet long, having flues the same area as the 
chimney, and say 100 feet long in cironit from fomace to base 
of chimney. It will be seen that wtr have to determine the 
discbarge of a pipe 180 feet or 60 yards long, 2 feet 9 inches 
diameter, witb a head of '585 inch of water by Table 62 and 
{169). We must assume a dischai^e as in (168), say 100 
horse-power or 100 x 60OO-i-60 = 10000 cubic feet per minute, 
which by Table 61 will require -003685 x 60 = -2211 inch 
of water for Motion alone; we have to add to this the head 
due to velocity. The diameter being 2*75 feet, we have an 
area of 5-94 feet, and as we have 10000 -^ 60 = 167 cubic 
feet per second, the velocity will be 167 -i- 5 '94 = 28 feet per 
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rapidly as the temperatore is rednoed, as shown by col. 8, and as 
a reaiilt, ih« power of the chinmey as meaanred hj the oousump- 
tion of fuel, increases with the temperature throughout, col. 9. 

Table 68. — Of (he Powbb, with different Istebnal Tbmpebatubeb, 
of a Uhimneit 32 feet high, with a, very short Flue, aa in Eeverhera- 
tory and other FumaceB ; External Air 62°. 



Volume 




Siuglit In locba at 


VelodtrofAirta 






o"a™ 




WUer. 




F«l p« Seamd. 




Founds ot 


Traip. 

InttaB 
CbtrnM)-. 












Air 


For 
Vflotawot 


For*)*!! 
Felotity of 


ToUL 


Cold 


,.^A„ 


otAIr 


ftiiiDney 
pwHour. 


1-25 


192 


■0391 


■0045 


■0936 19-73 


24-69 


400 


i4 


1-5 




•1328 




0222 


■155 |24'10 


H6 


15 


200 


33 


1-75 


452 


•1514 




0486 


■200 l25'72 


45 


00 


133 


63 


2-00 


582 


•1670 




0790 


■236 |26'30 


52 


60 


100 


72 


2-25 


712 


■1530 




1070 


■260 '25-99 


58 




80 


89 


30 


1102 


■1337 




1783 


■312 ■ 24^18 


72 


50 


50 


133 


4-0 


1622 


■1080 




2M0 


■351 2P70 


86 


90 


33 


178 


5-0 


2142 


■OB90 


■2850 


■374 j 19^ 75 


98-76 


25 


217 


(0 


(5) 


W 


(*) 


m (6) 


(') 


(8) 


(») 



(175.) With cbimnefH to steam-boilers, the friction of the 
long flues must be considered as well as the head due to velocity, 
the result being that the maximum effect is attained when the 
volume of the internal air is between three and four times that 
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Table 66. — Of the Power, with diffprent Internal Temperatures, 
of a Chimney 80 feet high, 2 feet 9 inches diameter, with a Flue of 
the same Area 100 feet long from Furnace to Foot of Chimney. 



Volnme of 


Temperature of 


Draught of 


Ratio of 

the Power 

at different 

Temperatures. 


Pounds of 

Coitl per 

Square Foot 

of Chimney 

per Hour. 


Air In the 

Chimney : 

External Air 

= 10. 


Air in the 
Chimney 
and Flue. 


£xt<fmal 
Air. 


Chinniey 

in Inches of 

Water. 


1-25 

15 

175 

2^00 

2-25 

3-0 

4-0 

50 

(1) 


192 
322 

452 

582 

712 

1102 

1622 

2142 

(2) 


o 

62 

62 

62 

62 

62 

62 

62 

62 

C3) 


•234 
•390 
•500 
•585 
•650 
•780 
•89!) 
•926 


71 
89 
100 
107 
112 
116 
• 116 
114 

(5) 


120 
150 
16S 
180 
188 
195 
195 
192 

(6) 



CHAPTER VI. 



ON VAPOURS. 

(176.) " Elastic Force of Fapowr."— Let Fig. 57 be a baro- 
meter with a large chamber A, one cubic foot in capacity, and 
let the bore of the tube be very small, so that its capacity may 
be regarded as infinitely small compared with that of the cham- 
ber ; the space A will then be a perfect vacuum, and the height 
of the column of mercury at ordinary atmospheric pressure will 
be say 30 inches. Now if a few drops of water be introduced 
into A, vapour will instantly be formed from it, filling the 
chamber and depressing the column B say to G, the amount of 
this depression will depend on the temperature of A ; by adding 
mercury at G until that column is raised say to D, the column 
B may be restored to its former level. Now the height of the 
column C B was the measure of the atmospheric pressure, and 
as that is supposed to be constant, it is evident that a pressure 
equal to C D is exerted by the vapour in the chamber A ; thus 
if C D is 1 inch, D B will then be 29 inches only, and as 30 is 
required to balance the atmospheric pte8au£«^)^^TQ»N>'U!iL\\&\.\^a:^^ 
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Table 67. — Of llie Elastic Force of Vapodb of Watee io Inches of 
Mercury, calculated I'rom the Esperinienls of Heonadlt. 









ELA3TI0 FOBGE OF 


VAPOUB OP ' 


WTATER. 


133 


■ 


Table 67. — continued. 


• 


Temp. Force in 


Temp. 


Force in 


Temp. 


Force in 


1 
Temp. 


Force in 


Temp.' Force in 


Fabr. 


Inches, j 


Fahr. 


lucheH. 


Fahr. 


Inches. 


, Fahr. 


inches. 


Ftthr. Inches. 


o 

220 


35 01 


o 

266 


79-93 


o 

312 


163-2 


o 

358 


304-7 ! 


o 

404 ' 527-6 


221 


35- 


68 


2.>7 


81-27 


313 


165-6 


1 859 


308' 


6 i 


405 533-5 


222 


36- 


37 


268 


82-63 


814 


168-0 


! 360 


312- 


6 ! 


406 539-5 


223 37' 


08 , 


269 


84-01 


315 


170-5 


361 


316' 


5 ! 


407 545-5 


224 ' 37- 


80 


270 


t<5-41 


316 


172-9 


862 


3-20' 


5 


408 ; 551-6 


225 


38- 


53 


271 


86-83 


317 


175-4 


363 


324' 


6 


409 557*7 


226 


39- 


27 ■ 


272 


88-26 


318 


177-9 


364 


328' 


7 


410 568-9 


227 


40- 


02 ! 


273 


89-72 


319 


180 5 


365 


332' 


8 


411 570-1 


228 


40- 


79 


274 


91-18 


320 


183 1 


366 


836' 


•9 


412 576-4 


229 


41" 


56 


275 


92-67 


321 


185-7 


367 


341' 


2 


413 582-8 


230 


42- 


34 


276 


94-18 


322 


188-3 


368 


345' 


4 


414 ' 589-2 


231 


43- 


14 


277 


95-72 


; 323 


191-0 


; 869 


849' 


7 ! 


415 595-7 


232 


43- 


95 


278 


97-27 


324 


193-7 


! 370 


354' 


! 


416 602-2 


233 


44- 


78 


279 


98-84 


825 


196-4 


371 


358' 


4 1 


417 608-8 


234 


45- 


62 


280 


lOO- 


4 


1 3-26 


199-2 


872 


862' 


8 • 


418 615-4 


235 


46' 


47 i 


281 


102' 





327 


201-9 


i 373 


367' 


2 ! 


419 622-1 


236 


47- 


32 1 


282 


103' 


6 


! 328 


204-8 


374 


371' 


8 : 


420 628-8 


237 


48' 


20 


283 


105' 


3 


1 329 


207-6 


; 875 


376' 


3 


421 635-6 


238 


49- 


08 1 


284 


107' 





330 


210-5 


376 


380' 


9 : 


422 642-5 


239 


49- 


98 i 


285 


108' 


7 


331 


213-4 


377 


385' 


5 


423 649-4 


240 


50' 


89 


286 


110' 


4 


332 


216-4 


378 


390' 


2 


424 656-3 


241 


51' 


83 


287 


112- 


1 


333 


219-4 


379 


394' 


9 


425 663-3 


242 


52' 


77 


288 


113' 


9 


334 


222-4 


' 380 399' 


6 


426 670-4 


243 


53' 


72 


289 


115- 


7 


335 


225-4 


j 381 


404- 


4 


427 677-5 


244 


54' 


69 


290 


117' 


5 


: 336 


228-5 


3>2 


409' 


3 


4-28 684-7 


245 


55' 


68 1 


291 


119' 


3 


, 337 


231-6 


383 


414' 


1 


429 691-9 


246 


56' 


68 


292 


121' 


2 


338 


234-7 


; 384 


419 





430 699-2 


247 


57" 


69 


293 


123' 





339 


237-8 


i 385 


424 


•0 


431 70»i-5 


248 


58' 


71 


294 


124' 


9 


340 


241-1 


, 386 4-29' 





432 713-9 


249 


59' 


75 


295 


1-26' 


8 


; 341 


244-3 


j 387 


434 


1 


433 721-4 


250 


60' 


81 , 


296 


128' 


8 


' 342 


247-6 


388 


439 


2 


434 728-9 


251 


61' 


89 


297 


130' 


7 


343 


250-9 


389 


444 


4 


435 73(j-5 


252 


62' 


98 


298 


132' 


7 


344 


254-3 


390 


449 


6 


436 744-1 


253 64' 


oa 


299 


134' 


7 


345 


257-6 


, 391 


454 


9 


1 437 751-8 


254 


65' 


21 


300 


136' 


8 


346 


261-1 


392 


460 


■2 


438 759-6 


255 6ij^ 


35 1 


301 


138 


9 


347 


264-5 


1 393 


465 


'5 


i 439 767-4 


L'56 , 67' 


50 


302 


141' 





318 


268-0 


, 394 


470 


•9 


' 440 775-3 


257 68 


(jij , 


303 


143' 


1 


349 


271-5 


395 


476 


•4 


441 788-2 


258 


69 


•fe5 ■ 


304 


145 


2 


350 


275-0 


396 


481 


•9 


442 791-2 


25ii ! 71 


05 


' 305 


147' 


4 


351 


278-6 


397 


487 


•4 


443 799-3 


260 72 


■27 

i 


; 306 


149 


•6 


352 


282-3 


, 398 


493 


•0 


1 444 807-4 


261 73 


•50 


307 


151 


■8 


353 


285-9 


399 


498 


•7 


1 445 815-6 


262 


74 


•76 


308 


154 


•0 


354 


289-6 


400 501 


•4 


1 446 8-23 -9 


263 


76 


•03 


309 


156 


•3 


355 


293-4 


401 510 


•1 


I 447 ft'i^-'L 


264 , 77 


•31 ] 


310 


158 


•6 


356 


297-1 \ Wi\ ?»\V% 


\ W% ^NSi'^ 


2ti5j 


' 7if 


•02 '1 


311 i 


16'0-9 


357 300-9 V Wd\ til\«1 


\ WSi '^^a*^ 
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been mndo Dp by tbe prcsBuro of the vapour in A, and is equal 
in this case to 1 inch of mercury. The experiments of ItegnauU 
give the elasticities or pressure of vapour of water at different 
temporaturea as in Table C7 and in column 4 of Table 68 ; thns 
at 212° the boiling point of water, column C, would haTe been 
raised to E, at tbo same lorcl as B, showing that at that tempe- 
rature the elastic force of rapour is equal to that of the atnio- 
sptar.. 

(177.) The weight of water contained in the vaponr may now 
be calculated; the eiperimeuts of Begnault and Sespretz hare 
shown that the weight of a given .volume of vapour of water is 
'623, or nearly | the weight of the same volnrao of air at the 
same temperature and pressure. (See Table 39.) Thus at 132°, 
the weight of a cubic fi>ot of dry air at atmospheric pressure is 
given by column 3 of Table 68 at ■ 0671 lb., but the force of 
vapour at 132° is 4- 752 inches of mercury, under which pressure 
air would weigh -0671 x 4-752 -t- 29-921 = -010656 lb. only, 
therefore a cubic foot of vapour will be -010656 x -623 = 
- 006639 lb., and thaa has been calculated column 7 of Table 68. 

(178.) " Mixluret of Vapour and Air." — By opening the cock 
at F we may admit the atmospheric air ; if the apace A, Fig. 57| 
hod been a vacuum we should of course have then a cubic foot 
of dry air there, whose weight is given by column 3 in Table 
68, but vapour being present, less than a cnbic foot will be 



removed the two would intermix with one another, but the rela- 
tive weights wonld not he altered, the vapour would return to 
its normal volume and pregBure of 15 inches of mercury, and the 
air being dilated to doable its normal volume and reduced to half 
its normal density and pressure, or to 15 inches of mercury also. 

In all cases the mm of the elastic forces of the vapour and air 
will be equal to the atmospheric pressure, the vapour taking 
always the force due to its temperature as per column 1 ia 
Table 68, and the air making up the complement, as in col. 5, 

(179.) Returning to onr former illustration :— at 132° the 
vapour bad a force of 1 ' 762 inches, tbe presBuio of the air in 
that case therefore most be 29-921 - 1-752 ^ 25-169 inches, 
and a cubic foot of air at that density would weigh '0671 x 
25-169-^29-921 - -0664 lb., and thus column 6 in Table 68 
has been calealated. The total weight will of course be the 
sum of tbe separate weights or ■ 006639 + - 0564 = ■ 063039 lb., 
so that a pound of saturated air will contain -006639 -r- '0564 = 
•11771 lb. of vapour, and a pound of vapour will saturate 
■ 0564-^ -006639 = 8-49 lbs. of dry air, and bo of the rest as 
per columns 8, 9, and 10, in Table 68. 

(180.) We assumed in (178), for the purpose of illustration, 
that vapour was subject to the law of Marriotte, and could be 
reduced to half its normal volume by doubling tbe pressure ; 
but, in fact, the elastic force of vapour can never exceed that 
due to its temperature (66) as given by Table 67, and the effect 
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noting hj capillary attraction ; the otiier having its bulb dry 
ID the usual way. The effect of the evaporatioii in to lower the 
temperature (193), and the amount of cold produced, depending 
on the amount of vapour present in the ambient air, indicates 
the dry neee of the air ae ebown by Table 70. With a modentta 
temperature of the air, say 62°, 2° of cold or less indicates that 
the air is damp ; 6° moderate dryness ; 10° would show that 
the air is dry; 15°Tery dry; and 20°, extremely dry. In an 
inhabited room from 6° to 8° of cold, or of difforenco of the dry 
and wet bulbs will indicate a pleasant and healthful degree of 
humidity. The philosophy of this method of finding the dryness 
of the air is shown in (193). 
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Table 71. — Of the Temprbature and Volume of Steam at different 
pBBst^UBES, calculated from the Experiments of Begnault, &c. 



Pressure 
above the 

Auno- 
•pbere in 
Lbs. per 
Sq. Inch. 


Temp. 
Fahr. 

• 


Cubic Feet 
of Steam . 
Irom One 

CuMc Foot 
of Water. 


Pressure 
above the 

Atmo- 
sphere in 
Lbs. per 
Sq. IncD. 


Temp. 
Fdhr. 


Cubic Feet 
of Steam 
from One 

Cubic Foot 
of Water. 


Pressure 

above the 

Atrno- 

spiiere in 

Lbs. per 

Sq. Inch. 

1 


Temp. 
Fahr. 


Cubic Feet 
of Steam 
from OnA 

Cubic Foot 
of Water. 





212 


1040 


1 

44 


o 
291 


446 


88 


830 


264 


1 


215 


1544 


45 


292 


439 ! 


89 


f> 


261 


2 


219 


1456 


46 


294 


432 ■ 


90 


331 


258 


8 


222 


1378 


47 


295 


426 ' 


91 


832 


256 


4 


22 ( 


1310 i 


48 


296 


419 i 


92 


333 


254 


5 


227 


1247 


49 


297 


413 i 


93 


» 


252 


U 


230 


1190 


50 


298 


407 i 


94 


334 


250 


7 


232 


1138 


51 


299 


401 


95 


»> 


248 


8 


235 


1089 


52 


300 


894 


96 


335 


246 


9 


237 


1048 


53 


301 


387 


97 


336 


244 


10 


239 


1008 


54 


302 


384 


98 


»» 


242 


11 


241 


969 


55 


303 


379 


99 


837 


240 


12 


244 


936 


56 


304 


374 


100 


338 


238 


13 


24G 


904 


57 


305 


309 


102 


339 


234 


14 


248 


875 


58 


»» 


364 


104 


840 


230 


15 


250 


846 


59 


306 


860 


105 


341 


228 


16 


252 


820 


60 


307 


355 


106 


342 


226 


17 


253 


796 


61 


308 


350 


108 


' 343 


223 


18 


255 


774 


62 


309 


346 


110 


344 


220 


19 


257 


743 


63 


310 


342 


115 


347 


212 


20 


259 


732 


64 


311 


338 


120 


350 


203 


21 


2(>0 


713 


65 


312 


334 


125 


353 


197 


22 


2C2 


694 i 


66 


313 


330 


130 


355 


190 


23 


2(14 


676 


67 


314 


326 


135 


858 


184 


24 


265 


660 


68 


»» 


322 


140 


361 


179 


25 


267 


644 


69 


315 


319 


145 


363 


174 


2« 


268 


630 


70 


316 


315 


150 


366 


169 


27 


270 


615 


71 


317 


312 


160 


870 


159 


28 


271 


602 


72 


318 


309 


170 


375 


151 


29 


272 


589 


73 


}? 


306 


180 


380 


144 


30 


274 


576 


74 


319 


302 


190 


384 


138, 


81 


275 


564 


75 


320 


299 


200 


388 


132 


32 


277 


553 


76 


321 


296 


210 


392 


126 


83 


278 


542 


77 


322 


293 


220 


396 


121 


34 


279 


532 


78 


>» 


290 


230 


399 


116 


85 


281 


521 


79 


828 


287 


240 


403 


112 


8(j 


2S2 


512 


80 


824 


284 


250 


406 . 


108 


87 


283 


503 


81 


325 


282 


260 


409 


104 


88 


284 


494 


82 


»» 


279 


270 


413 


101 


39 


2H5 


485 


83 


826 


276 


280 


416 


98 


40 


286 


476 


84 


827 


278 1 


290 


419 


95 


41 


288 


468 


85 


328 


271 ; 


300 


V 'ttJL' 


\ '^"^ 


42 


2S9 , 


460 


86 


** 




\ 


\ 


\ 


43 > 


2iH} I 


4.13 


87 


320 


\ 


\ 


\ 
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ateam at different temperatnres, uot in inches of mercnr; above 
a vacmim as in Table 67, bat in ponnda per square inch above 
atmosphere, in order to adapt it to practice, aad the volume of 
steam per cnbio foot of water at different preBsnrea is given for 
the aame pur)io8e. 

(184.) " The Elastic Force of Vapour of Alcohol, (£c."— We 
have BO far conaidered only the force of vapour of water; that 
of other liquids ia very different, aa ahown by Table 72 ; thna 
while at 212° the force of vaponr of water is joet equal to that 
of the atmoaphere, alcohol gives 2*2 atmospheres, ether 6*5 
atmospheres above vacniim, &c., &e. 
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(186.) The rate of evaporation witti different liquids and at 
different temperatures ie proportional to the difference of the 
elastic forces of the vapour of the liquid at the given tempera- 
tore of that liquid, and that of the vapour actually present in 
the ambient air. 

To obtain data on this Babject, I made a series of experiments 
on the rate of evaporation of water, alcohol, benzoUne, and ether, 
bj exposing them to perfectly calm air at natural temperatures, 
in a vessel auBpeuded hy a delicate balance, and thus obtained 
the following results. 

With water, 30 grains were evaporated in 620 minutes, or 
30 X 60-^ 620 = 2-9 grains per hour from a vessel 3^ inches 
diameter = 7' 366 square inches area, which is equal to 2-9 x 
14i-r-7*366 = 56'7 grains per square foot per hour. The 
mean temperature of the ambient air was 60°, and the wet-bulb 
hygrometer B5°, showing hnmidity 71 per cent, of saturation. 

With common alcohol 56 overproof, and air at 60°, the same 
vessel evaporated 120 grains in 6 hours, or 20 grains per hour, 
which is equal to 20 x 114 -f- 7*866 = 891 grains per square 
foot per hour. 

, With benzoline, 90 grains were evaporated in 90 minutes, or 
60 grains per hour, equivalent to 60 x. 144-^-7 -366 = 1178 
grains per square foot per hour. 

With ether, specific gravity -735 and air at 57°, the evapo- 
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Tablb 73. 


—Of EvAPOKiTIOK AT 


NATtl 








Air Id differeDt states 


of Dryn€sg. 




Tnnp. 


H^ldUj-oflheAlt 


Salu»tlon = 100. 










JUrimd 


Dtjf 1 30 I 40 50 


60 1 70 1 80 


90 






F».p«H™rl-,.aln,A1 




^ 


6S 


48 


41 


34 






14 




12 


101 


71 


fil 


51 


40 




?0 


10 


52 


147 


103 


88 


74 


50 


44 


29 


15 


62 


211 


14K 


127 


lOfi 


84 


(i3 


42 


21 


72 


298 


■m 


178 


149 
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air when the neceaaary motion of the air ensues only irom the 
change of density doe to the presence of vapour, as we have 
seen in (185), the air cbai^ed more or lees with moiature aacend- 
ing Terticftlly. If that motion be preTented by a coyer, even a 
loosely fitting one, the confined air becomes fully saturated, and 
not bdng able to get away with ita load, evaporation ccnecs, and 
in any case, even if the air be uUowcd to rise, the motion is very 
slow, and is retarded by the dry air descending to replace it. 
■With a wind, the stratum of air in contact with the water moves 
off horizontally, not waiting to be fully saturated, but taking 
only a small percentage of that amount. When a' 
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Bat here experiment gave a remarkable reenU; the depression 
was not permanent, although the wet-bulb was fed coutinnooBly 
with, ether b; threads acting by capiLLaiy attraction, the de- 
pression diminiahed rapidly : being seven times that of water, 
or 42'' at first, it became only six times, or 36° in 5 minntea ; 
five times, or 30^ in 11 minnteB ; four times, ot 24° in 17 minntes ; 
three times, or 18° in 27 minutes; and double only, or 12° in 
60 minutes. 

Alcohol gave similar results ; at first the depression was 9°, 
or 3° greater than water, but became only 2^° in 19 minntes ; 1^° 
in 70 minntes ; 1° in 107 minntes ; 2° in 142 minntes ; ^° in 
169 minutes, and 0° in 290 minutes. The explanation probably 
is that the pure spirit rapidly evaporates ; leaving on the wet- 
bulb a dUuled spirit approximating more and more nearly to 
water in the course of time. 

With benzoline the result was still more remarkable : at first 
the depression was 10°, or double that of water (which was fi° 
at that time), bat became only 9° in 5 minutes, 7° in 10 minutes, 
4" in 35 minutes. 3° in 85 minates, and 2J° in 135 minntes. 
With reference to water, the depression was at first double, 
became equal in 25 minutes, and only half in 2 hoars. 

(195.) " Evaporation at High Temperatitres, but below Boiling 
Point." — We have so far considered the case in which the water 
and air had one and the same temperature : we will now investi- 
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i8lll5-2-(-708xl22) = 1029 nnita. There is also the Iom 
hj radiation from the enrfkoe dnring the 3*13 hours occupied 
by the proceas : the valae of H for water by Table 95 is 1 ■ 0853, 
and by the simple rule (276) the lose voold be 1-0S53 x 
(122 — 52) = 76 imitB per hour ; bat applying the correction 
of Table lOi ae eiplained in (314), we find the ratio with 
122 — 52 = 70° excess, and 52° temperatnre of recipient, to be 
1-2, and the true Ices becomes 76 X 1'2 = 91*2 units per 
square foot per honr, or 91*2 x 3 -IS = 285 nnite for the 
whole time, and we thns obtain cols. 6 and 7. The loss of 
heat by the air is more difGcnlt to calculate, ba we do not 
know the volume that will be QBed, and which has to be 
heated. By col. 10 of Table 68 we find that it cannot be lese 
than 11-65 lbs. of dr^ air per pound of water, the air arriving 
perfectly dry and departing perfectly saturated. Neither of 
these oonditions would be fulfilled in practice (181), (193) ; we 
may get at the volnme in another way, namely, firom the heat 
which it actually carries oB. The toUd heAt by col. 10 being 
1640 units, and the eum of the latent heat and loi« by radiation 
being 1029 -j- 285 « 1314 units, the beat carried off by the 
air must be 1640 — 1314 = 326 units, as per col 8, and the 
weight of ait heated from 52° to 122°, or 70°, to absorb that heat 
would be 326 -^ (70 x ■ 238) = 19-6 lbs., from which we infer 
that it departs only 11-65 -i- 19-6 = -69, or 69 per cent, satu- 
rated. Having thus found the weight of air, the volume by 
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iB increftsed by reducing tlie temperature; thnB with bftlf- 
flatotated air at 62°, the force of vapour by Table 67 is 
' 556 -i- 2 = ' 278 inch, whicb is the force of Taponr in foUy 
saturated air at 43°; and if cooled below that point the air 
con no longer hold the whole of its moistnre, but deposits 
it as dew npon adjacent objects; this is therefore called the 
dew-point. 

Tablk 81. 
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(204.) The drynesB of air as the reBuU of heating it, some- 
times becomes objectionable ; thus by Table 81 air at 32° heated 
to 62° would have its state of humidity 32 per cent, only, 
which would be intolerable. With our open fires we seldom 
get an objectionable degree of drynosB, the air ileelf is seldom 
raised to a high temperature, beoause the only useful heat 
given out by an open fire is radiant heat which passes 
through the air without raising its temperature (311) (278), 
and is absorbed by the walls, which ^terwards beat the air 
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beating Bnrface por boor, Eiud we bave in our caae (17 x lOOOx 
38) -^ 966 = 670 lbs., or 67 gaUona of water at 212° eTapomted 
to steam per hour. 

(207.) We bave bere enpposed tbat tbe water was at 212° to 
begin witb ; if tbe water bad been cold tbe case would bava 
been modified. Say that the water was at 110° and we roquiro 
to know the quantity tbat will be raised from that t«mperatnre 
to 212° and evaporated in twenty miaatee, or one-third of an 
hour. To heat 100 gaUons, or 1000 Iha., 212 - 110 = 102°, 
we require 1000 x 102 = 102000 units of beat ; the mean tem- 
perature while being heated will be (212 -|- 110) -r 2 = 161°, and 
the mean difference of tempeFatnre between tbe steam and the 
water = 250 — 161 = 89°. The rate of evaporation Tariee very 
much with tbe varying temperature, astsbown by Table 85, 
rising &om 2iB onits at 110° to 1000 units at 212° ; to find the 
mean rate we may take a mean of all the nnmbers in ooL 8 be- 
tween the two extreme temperatures, but ool. 4 will give tbe 
same result more readily ; thus we have (5522 — 1166) -f- 10 = 
405 units per square foot per hour, or 405 x 17 x 89 = 612765 
units per boor in our case, and the water will be raised from 
110° to 212° in 102000 -^612765 = -167 hour, leaving -333- 
'167 ='166 hour to do the evaporation work, and as by 
(206) we had 67 gallons per hour, we now have 67 x ' 166 = 
11 '1 gallons heated from 110° to 212°, and evaporated in 
20 minutes. 
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consumption of fuel would be ftbont 566045 ~- 6000 = 95 Iba. 
of coal (112). 

The fuel might he economized hy beating tbe woit before- 
hand from 60°, the assumed fomperatnFe of tbe atmospbere, to, 
say 212°, the temperature of the still, by a beater in the flue 
or otherwise. Tbe 100 gallons of wort contains 10 gallons of 
alcohol and 90 gallona of water ; for the alcohol we have 
(212 - 60) X -622 X 81-3 = 7684 units; and for the water 
(212 - GO) X 900 = 136800 units ; altogether 144,484 units, 
which is equal to 144484 -^ 6000 = 24 lbs. of coal saved by 
thus utilizing waste heat, the consumption being reduced to 
95 - 24 = 71 Ibe. 

(211.) " Condensing Apparatus." — The apparatus described 
in (234) for heating liquids by steam, may be applied equally 
well for the condensation of vapour in the process of distilla- 
tion, and tbe sizes necessary for any particular case may be 
found by tbe same rules. 

The most common form of condenser is a helix or worm in a 
vessel of cold water, as in Fig, 61. The work to be done in our 
case (210) is to absorb the beat tbat had been employed in 
evaporating tbe 400 lbs. of water and 81*3 lbs. of alcohol, or 
447200 + 42845 = 490045 units. The temperature of the cold 
water may be say 60°, which entering at tbe bottom of the vessel 
containing the worm becomes heated by tbe coil to say 120° at 
the top, where it departs. Tbe mean temperature is therefore 
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water will not naturally have a uniform temperature, indeed 
it would require continual stirring to make it so ; the water at 
the bottom where it should enter will be 60° ; in the middle 
it will be 90% and at the top where it departs it will be 120° ; 
it has therefore been heated 120 — 60 = 60°, and we should 
require in that case 490045 4- (60 x 60) = 136 lbs., or 13*6 
gallons per minute. 
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ON DRYING. 



(213.) " Drying in Open Air,** — This is the commonest and 
cheapest mode of all, but in our climate it is too uncertain 
to be depended on for many manufacturing purposes ; it is 
frequently used however in drying paper, glue, whiting, &c. 
In such cases a covered building is used to keep off the rain, 
the sides being open to admit the air freely, but shutters are 
provided to keep out the air as much as possible on damp 
days. The rate of drying varies exceedingly, see (188), (189) ; 
frequently the air is only about half saturated with humidity, 
and drying proceeds rapidly, especially mih a wind ; but in 
winter it is often completely saturated, and the drying process is 
completely suspended. The laws by which drying is governed 
are explained in the chapter on evaporation. 

(214.) ^^ Drying hy Heated Air" — The capacity of air for 
moisture increases rapidly with the temperature, as we have 
shown in (203), and the e£&cacy of hot-air drying depends on 
that fact. The philosophy of the process will be best under- 
stood by an illustration. 

Lot Fig. 67 be a drying closet, in which the air entering 
at the bottom becomes highly heated by contact with the 
stoam-pipes, and rising through the closet, finally escapes by 
the chimney at the top. Say we had 10 lbs. of water to 
evaporate from 42° ; that the external air of a November day 
was at 42° and completely saturated with ixi.o\^\>\it^^ *C^^ ^ii^X* 
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temperature being aay 102°, and lot hb admit for illDStration 
tbat tlie air at exit ie only half eaturaW with tnoistnre. 

Now, every pound of air at entry and at 42^, is by col. 9 of 
Table 68 cLarged with -00501 lb. of water, and at its exit at 
102° with ■ 04547 lb. if saturated, but in onr caao ■ 04547 -H 2 = 
■ 02273 lb. only ; it therefore takes up in its passage -02278 — 
•00561 = -017121b.of water, and to carry off lOlbs-^e shall 
require 10 -^ -01712 = 584 lbs. of air. 

(215.) To evaporate 10 lbs. of water from 42° requires by 
(18) (1178 - 42) X 10 -^ 11360 units of heat, or the amonnt 
that would raise 11,360 lbs. of water 1°, and the. specific heat 
of air (5) being ■ 238, this is equal to 11360-^ - 238 = 47731 lbs. 
of air 1°, But we have only B84 lbs. of air to do the work 
required, it must therefore be heated 47731 -i- 584 = 82°, and 
the air muet enter the closet at 102 + 82 = 184°. 

Thus we have 584 lbs. of air, heated from 42° to 184°, which 
coming in contikct with the wet cjothes is cooled down to 102°, 
the heat thus parted with serving to evaporate the 10 lbs. of water. 

The total quantity of heat expended in the process ia not ■ 
only the 11,860 units required to evaporate the water, but also, 
that required to raise 684 lbs. of air &om 42° to 102°, which 
JB equal to 584 x (102 - 42) x -238 = 8340 units, making a 
total of 11360 4- 8340 = 19700 units. 

(216.) " Ponium of Outlet Opening, ifc."— In Fig. 67 we have 
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reqnired temperature. 

(219.) By Table 68, a pound of air at 42° Batoratea with 
moUture contaisB -00561 lb. of water, and at 82, -02361 lb.; 
it therefore takes tip in pHSeing through the closet '02361 
— -00561 = -018 lb. of air, and we have in our case '018 
X 1914 =34-5 lbs. of water absorbed from the linen per hour. 
If the wet linen is introdaced at 50°, each pound of water in it 
will require 1178 — 50 = 1128 units of heat to evaporate it, 
and in our case 1128 x 34-5 = 38923 units per honr. This 
heat has to be supplied by the air in the act of cooling from 
172° to 82^, and we must see that it is capable of doing it ; it 
wiU yield 1914 x (172 - 82) x '238 = 41000, or rather more 
thaa is necessary , 

If we had assumed 162° for the temperature at entry, we 

should then have had l-^ — ^Tnao = ^078 lbs. of air heated, 
which would carry off -018 x 2078 = 37-4 lbs. of water, re- 
quiring 37-4 X 1128 = 42187 units of heat. The air in 
cooling from 162° to 82° would yield 2078 x (162 - 82) x 
■ 238 = 39565 units only, being 42187 - 89565 = 2622 units 
too little. The cosditious assumed in (218) are therefore nearly 
correct, and the power of the closet may be taken at 34 '5 lbs. 
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thereby. We assumed in (214) for the sake of varying the 
illustration, that the air departed only hdf saturated, but it is 
a necessary condition where economy is considered that the air 
should be saturated. 

(221.) The condition of the chimney and closet with re- 
ference to the creation of a draught current is peculiar, and 
must be understood before we can calculate the necessary sizes 
of openings, &c. 

Let Fig. 71 be an outline diagram, in which A is the chimney 
and B the closet, both of the same height, the air being at 82° 
in the chimney, and 127° in the closet. The air in B, being 
lighter than in A in consequence of its higher temperature, 
would ascend, and motion would ensue in the direction shown 
by the arrows, being the reverse of what is required. 

Let Fig. 72 be a similar diagram, with a chimney twice the 
height of the closet ; the column in the chimney is now opposed 
not only by the column in the closet, but also by another one 
in the imaginary chamber C, which makes up the height of the 
chimney with air at the external temperature of 42°. The 
mean temperature of the combined column B C is therefore 
(42 + 127) -4- 2 = 84° -5, that in A remaining at 82°; with 
this height we should therefore still have a reverse draught. 

Li Fig. 73 we have a chimney three times the height of the 
closet, and the column in the chimney is now opposed by a 
column of equal height composed of B, C, D, whose mean tem- 
perature will be (127 -[- 42 + 42) -^ 3 = 70°, or 12° colder 
than the air in the chimney, and we shall now obtain a draught 
in the right direction. 

(222.) We can now calculate the power of the chimney in 
our case, and will assume for it a height of 28 feet, or four 
times the height of the closet. The fact that the air at 42°, 
82°, and 127°, is all saturated with moisture complicates the 
case, and it will not be quite correct to take a mean tem- 
perature for the columns B, C, D, &c., as we have done with 
dry air in (221). 

The weight of air saturated with vapour is given by col. 8 
of Table 68 ; for 127° we must interpolate between 122° and 
132°, and we have (-066042 + -063039) -V 2 = •Ci<c»4ft4.\\i,^^ 
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cnbio foot, and for the closet 7 feet high "06404 X 7 = •44828, 
the weight of the colamn in B ; for C, D, &c., ne have - 07884 
X 21 = 1-65564, and together -44828 + 1-66564 = 2-104. 
The air in the chimney at 82° weighs (as a coltfimi I foot 
square) -07226 X 28 = 2-023 lbs. 

Then by (150), &o., the 28 feet of the lighter air is equal to 
(28 X 2-023} -H 2-104 = 26-92 feet of the denser, leaving 
28 - 26-92 = 1-08 foot to produc e vel ocity, which by the 
laws of &Iling bodies will give Vl- 08 x 8 = 8-3 feet per 
second theoretically. 

Admitting that by the loss of effect from friction, change of 
direction, and saocessive enlai^ements and contractions of the 
air-passages through the closet (16S) which it would be impos- 
sible to calculate, this velocity is reduced to half (394) (397), 
we shall have 4- 15 feet per second in the chimney and open- 
ings generally ; that through the closet would be lees, because 
of the greatly increased area there. 

(223.) The chimney and the opening N having to pass, 
as we have seen in (220), 7 - 7 cubic feet of air per second, most 
have an area of 7-7-^4-15 = 1-85 square foot, and may be 
1-5 X 1-25 foot ; the channel Gi- and the holes in the top of the 
chamber H must be 6-95 -^4-15 = 1*67 square foot, &c^ &o. 

(224.) To fitcilitate the establishment of the draught when 
the closet is first heated, it will be well to have an opening P, 
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TiBLB 83,— Of the Wbioht of Wateb in Woven Fabbic» after 
Wbingino, &c., tho Weight when Dry beii^ 1 '0. 
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(228.) "Drying at Sigh Temper at«.rM."—li in stetod in (189) 
tbat if access and free motion of the air employed in carrying 
off the Taponr in eraporating and drying operations be pre- 
vented by even a loosely fitting oover, evAporation ceases and 
the drying process is stopped. Iron founders and others, how- 
ever, use a closed room as a drying stove for their ooroa and 
moulds ; a large coke fire being kindled in an open iron cage in 
the centre, the moulds are piled in, the looeely fitting iron 
doors are closed, and no more air is admitted than is jnst 
sufficient to keep np a sloiv fire, the products of combustioD 
escaping by the cracks in the doors, &c. At first sight this 
seems to be wrong in principle, but the &ct is there is very 
good and deep philosophy in it. If a common drying closet 
were used, with a free current of air at a comparatively low 
temperature as in (214), the eurface of the mould would be 
quickly dried, but the interior would remain wet for an in- 
definite time, and when the molten metal was poured into it 
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of colcinm has doable the power of oatmeal, and iiaee timas its 
power for Beven daya. 

It ehonld be observed, tbat in these experimentB the hmnidity 
of the air was nearly constant ; as applied to a drying room 
it wonld be variable : also that the power of the satorated 
abeorbenta is easily restored by re-drying at a high tempera- 
ture (228). 

(230.) Drying Cylinden." — In papra^making, calico-printmg, 
and other machines, the drying is conveniently effected by 
passing tte fabric over polished cylinders of caat iron, Ac., 
heated internally by steam. Clement found that a single thick- 
ness of calico in contact with a copper plate heated by ateam at 
212° was dried at the rate of 1'45 lb. of water per eqaare foot 
of drying surface per honr M. Obameroy found the rate to be 
1-8 lb. with one thickness, and '91, or about half, with two 
thicknesses of cloth passing over a cylinder. By many experi- 
ments of M. Boyer' twenty pieces of calico as they came irom n 
press weighed 330 lbs., and after drying, 167 Iba., having lost 
163 lbs. of water, but tbe eteam condensed in doing that work 
was 224 lbs., the practical result being 163 -^ 224 =i -73, or 
73 per cent, of tbe heat utilized, and therefore 27 per cent, 
wasted in radiation, &e,, which is unavoidable, for the work 
occupied 3J hours, and the drying cylinder exposes a large 
snr&ce to cold air and radiation. Usually, however, this loss is 
unimportant, for the cost of tiiis method of drying is nothing ; 
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We may allow 18 square feet of fire sorface per cubic foot of 
water evaporated : thus with Fig. 60, for 300 gallons capaoi^, 
we hare ft gross area of about 12'5-j-(13'3 x3) = 52'5 square 
feet, which will evaporate 52-5 -f- 18 = 2-92 cubic feet, or 
2 ■ 92 X 62 ■ 32 = 185 lbs. of water at 212°, requiring 185 -^ 6 
= 31 lbs. of coal, and 31 -^ 10 — 3 square feet of fire-grate, Ac 
Table 83 gives the sizes of coppers up to 300 gallons calcu- 
lated in this way. 

(234.) " Heating Liquids by Steam." — There are three methods 
commonly used for heating liquids by steam: by forming a 
steam-jaoket, or double vessel, aa in Fig. 60 ; by a worm circu- 
lating through the liquid and filled with steam, as in Fig. 61 ; and 
by blowing the steaiu by a pipe direct into the liquid to be beated. 

(235.) Peclet gives an experiment with an apparatus of the 
form like Fig. 60, in which 1980 lbs. of liquid (beetroot juice) 
at 39° was raised to 212° iu 16 minutes, the steam being at 
30 lbs. per square iuch (above the atmosphere), and consequently 
at 274% and the surface exposed to its action, 2G ■ 8 square feet. 

™ , , . . 1980 X (212°- 39°) X 60 

The work done per hour is -=-^ k^o — 

lb X ^o'o 
60000 units nearly per square foot The mean temperature of 
the water iu this ease was (39" + 312°) -^ 2 = 126°, and the 
difference of temperature between that and the steam, 274° — 
125° = 149°; ond we have therefore from this experiment 
50000 -i- 149 = 336 units per square foot per hour for a 



HEATING UaVms Bt STIAH. 



212°-8r-5 = 124°-5; (ittd we have therefore ^l^^^^.^li^ 
15 X 124-6 xl*4 
= 280 itnits per square foot per hour for a difference of 1°. 
Two other eiperimeuta gave 207 and 210 nnits reepeotively, 
and calculating from the water condensed, rather lose in tM 
threo oases. Table 84 gives the collected results. 

Table S4,— Of the Heating Powkbs of a Vertical Tobb with Steah. 
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(241.) These eiperimontal results appear to be very ano- 
malouB, varying as much as 1020 -f- 207 = 5 to 1 nearly, and 
even with the same apparatus (237) (238) and in the course of the 
same esperiment as 974 -;- 315 = 3 - 1 to 1. This seems, how- 
ever, to be dae simply to the well-known fact, that as water is 
heated it becomes more lively in its movements, the internal 
currents by which the heat is carried off increasing in rapidity 
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of coitle. The coDBumption of gne witb this stove waa about 
10 cnbio foet per lionr ; hence 340 X 10 4- 160° = 21 lbs., op 
Bay 2 gnllonB of water migbt be heated from 52° to 212° per 
hour. The area of 3 incbee being 7 square iuchee, we bare 
340 X 10 -r 7 = 486 nnits per square inch of wire^anze per hour. 

The total heat in petroleum is by (59) 20,240 nnits, and if we 
admit, aB with gas, that 90 per cent, is utilized with the most 
perfect apparatus, wo have 20240 x " 9 = 18200 units per pound : 
a gallon weighing 8*4 lbs. and costing say eigbteenpence, this 
is equal to 18200 x B-i-i-lS = 8493 units for a penny, or 
44800-7-8493 = 6-27 times the cost of coals. 

(244.) " Heating Liquids at the Top," — It bos beai generally 
admitted that water and other liquids will not conduct heat 
downwards, because wheu heated, liquids become lighter and 
remain persistently in contact with the heating snrface, whereas 
when heated at the bottom the heat is rapidly carried upward 
through the mass of the liquid by the lighter stratum rising to 
the surface. 

To teat the accuracy of this statement, a flat-bottomed cylin- 
drical vessel of tin plate 7 inches diameter outside, 3^ inches 
deep, was filled with hot water to a depth of 3^ inches, aild 
placed with its bottom jnst touching the sur&ce of a volume of 
cold water, so large that its temperature was nearly constant, 
being raised only 3°, or from 62° to 55°, by the beat received 
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CHAPTER XI. 

ON BEATINO AlU. 



(245.) " Heating Air, Ac." — Air cannot bo bested direct by 
radiant heat for reaeoae given in (278), bnt radiant heat can be 
absorbed by eolid bodies, which afterwards give out that beat to 
the air in contact with them. In oat dwellings heated by open 
firos, radiant heat alono is given ont usefully by the firo, the 
restbeing wasted by passing offnptbe chimney; thiB radiant heat 
is absorbed by the walls, and while part of that passes throngli 
the walla and is dissipated on external objects, tbe other part 
serves to warm the air of the room (311). In beating air there- 
fore the object is to place beated solid bodies which will im- 
part their beat to tbe surrounding air. 

(21G.) " Healing Air by Stoves," — Stoves supply a cheap and 
economical method of obtaining heat; nearly the whole of the 
heat which any fuel is capable of yielding may be utilized by 
nsiog a long flue-pipe conveying the products of combustion 
to the OQter air. As much as 95 per cent, of the gross total 
heat in coals may be thus obtained (250), whereas with steam- 
boilers we seldom realize more than 63 per cent., as shown by 
Table 47. 

There are, however, several serious abjections to stoves. 
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113448-^ 86-12 = 1317 nnita per foot nm: we have here 
aasumed that the surface area of a 4-inch pipe is 1 sqaare foot 
per foot nm, which is near enough to the tmth for piactioal 
pnrpoees. 

(248.) It should be obserred, that not only does the total 
amount of heat given out vary greatly with the temperatnie 
from end to end, but also that the proportiotu into which it 
divides itself between the teatU and the air vary greatly with 
the temperature : at the stove end 92 per cent, of the total heat 
emitted by the pipe is given ont by radiation to the walls, and 
only 8 per cent to the air ; bnt at the exit end the heat is nearly 
equally divided, the walls receiving 55 and the air 45 per cent. 
Taking the whole length of the pipe, the walls receive 74 per 
cent, and the air 26 per cent, of the heat emitted. At still 
lower temperatorea the air would receive half the heat or even 
more (316), When therefore the object is to heat the walls 
rather than the air, which is sometimes the case (311), (373), 
the temperature of the pipes should be high, and stove-pipes 
are more effective than hot-water, or low-pressure steam pipes- 
Tbe effect of the latter may be seen by Table 88, the lowest 
temperature in col. 1, or 240°, is that due to lOi lbs. steam by 
Table 71, and the heat is divided into 56 per cent, to the walls 
and 45 per cent, to the air. The heat thus received by the 
walls is usnally divided again into two ports, one part heating 
the air in contact widi the wall, and the other passing through. 
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ftum the stove at 1230°, and be allowed to escape snccessively 
at 15(f , 330°, 610°, 690°, 870°, and 1050°, as in Table 89, the 
heat wasted would be respectively &![, 16, 27, 35, 49, and 60 
per cent, of the groBS total heat in the coals. 

(251.) " Vertical Flue-pipee to Stoves."— Bj (248) it ie shown 
that at high tempemtnTes the heat given out is priuctpallj that 
due to radiation, which is independent of form and position of 
the radiant (277), there will therefore he practically little 
difference between horizontal and vertical pipes. 

Feclet made eome experiments on vertical fines of cast iron, 
sheet iron, and earthenware, and obtained very anomalous re- 
sults, cast iron apxiearing to emit throe times as mnoh heat as 
sheet iron ones under similar circumstances. 

" Vertical Caet-iron Flvei." — A chimney of cast iron 54 feet 
high, 8 inches internal diameter, -^ inch thick, total outtide 
surface 122 square feet, was mounted on a small furnace, the 
temperature was taken at the top and bottom, and the velocity 
of the cnirent was measured directly by the time which a whiff 
of smoke occupied in passing from the bottom to the top. The 
temperatures were 347° at the bottom, 170° at the top, external 
air 68°, and the velocity 14'8 feet per second. 

The mean temperature of the air in the chimney was 
(347 + 170)-^ 2 = 258°, its weight by Table 24, -055 lb. per 
cubic foot, and the crosa-scctional area being 8' x '7854-^ 144 
= ■ 35 square foot, we have ■ 36 X 54 x ■ 066 = 1 • 04 lb. of air. 
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161 cnbio feet for the friotion, and the nuximiiia Tolnnie or 
236 cnbio feet tor calcnlatiug the head dae to velooity at 
entry. 

The head for friction with 161 onbic feet in a 7-iiich pipe 
11-7 yards long, by Table 61, is -0000309 x (161 ~ 100)' x 
11-7 =-00094 lb. per square inch, or 0009i x U4 ='135 lb, 
per square foot for friction alone. The area of a 7^ch pipe 
being * 267 square foot, the muTininm Telocity at entry will be 
236 -r(' 267 x 60) = 14-7 feet per second, the head for which 
by the laws of &Uing bodies with -93 coefficient for con- 
traction (153) is |l4-7-^(8 X •931"= 3-9 feet, which in air 
at the external temperature, say 62°, ie by Table 24 equivalent 
to 3-9 X -0761 = '297 lb. per square foot for velocity alone, 
which added to that due to &iction gives a total of -135 -|- 
■297 = -432 lb. per square foot. 

(255.) If the flue were flzed with a uniform slope, the whole 
of it would be available as a chimney ; in that caee we mast 
find the mean temperature of the internal air, which will not be 
the arithmetical mean of the extremes, or 690°, beoanse although 
the temperatnres decrease in titat ratio, the lengths at each 
temperature are very variable, as shown by Fig. 11. If we 
multiply the mean temperature of each division A B, B C, &c., 
hy its length, and divide the sum by the total length, we obtain 
387° as an approximation to tlie trae mean temperature of the 
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2-inoli pipe, or 60000 -f- 286 = 210 feet of 3-iiich, or 60000 -?- 
349 = 172 feet of 4-uich, or 60000 -i- 491 = 122 feet of 6-moh 
pipe, &o., &c. 

(258.) "Atr-eoeh, Ac" — Water at ordinary tempenttnre 
always contains a conBiderable quantity of air, which is exp&Ued 
by heat, and paases off mixed with the Bteom, retarding the 
oommnnication of the heat to the pipe containing it. It is 
therefore necessary to get rid of it, and this can be done most 
simply by small cocks fixed here and there along the conrae of 
the pipes, nsually on the top ; but air being heavier than steam 
at the same temperature and pressure, as shown by (177), theory 
indicates that the air-cock should be at the bottom of the pipe, 
and in one or two cases in which it has been tried, practice does 
not disprove it, so that the apparatus used to discharge the water 
condensed ma; sometimes be used to get rid of the air also. 

(269.) "Apjparalua for duckarging Gtmdemed Water," — The 
quantity of water condensed by steam-pipes is shown by (316) ; 
it is very considerable, and being constant, the apparatus ^onld 
be self-acting. Where the steam is taken irosa a low-pressure 
boiler, an inverted syphon. Fig. 50i, is the most simple contriv- 
ance for this purpose ; but when the heating pipes are at the 
ground level, the syphon requires an excavation to be made for 
it, which may be difficult and sometimes impracticable; for 
7 lbs. steam the column of water required is, by Table 38, about 
16 feet, and allowing a margin for flnctoation in pressure, the 
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applies to all caseB. TlitiB a pipe 1000 feet long will require 

ten timea the velocity for a pipe 100 feet long, &c. 

Tablk 84. — For Hot-watbb Pipes, showing the Minimnm Velooity 
of Current necessary for the Renewal of the Heat in a Pipe 100 fett 
long, with different Temperainres of Pipe, exposed to Air at 60°. 



hePIpe, { DiuHterotPtpBliiIn 



Note. — The velocity recewa^ is simply proportional lo the length of 

the pipe ; thns a pipe 500 feet fonp " 

by the table for ]00 feet, &o. 



g requires five times the velocitf given 



(270.) Table 92 will enable ns to calonlate the Telocity at 
the cnrreut, having the head given by Table 93, &o., &c. 

1st Having the length, diameter, and velocity given, to find 
the head, take from Table 92 the nomber in column 2 oppo- 
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colnnm. In some cases the ezcsTation neceaeary for placing tbe 
fire at tlie bottom is very objectionable ; and as it is posai^ to 
work a Byatem of pipes with the fire conaiderably <J>om them, 
by using lofty vertical columns, we will inveatigate the case, 
without, however, recommending its adoption where it can 
possibly be avoided. 

(274.) Let Fig. d5 be a pipe i inches diameter, and altogether 
200 feet long, of which the two colnmna A and B ore each 
40 feet high, and the pipea D, E, F, and G lying at the same 
level in the room to be heated, and let the fire be at C, 6 feet 
ftbove the general level of the pipes in the room. If we allow 
that the water leaves the fire at 210° and retnma at 190°, losing 
20° in 200 feet, it follows that 1° is lost by each 10 feet in 
length ; at H therefore it will be 189°-5 ; at J 210 - (35 -^ 
10} = 206<'-S; and at K 206-5 - (40^ 10) = 202°-5. The 
mean temperature from H to C will therefore be (189'5-1- 
190)-H2= 189°-75, from C to J = (210 + 206-6)-f- 2 = 
208° ' 25, and of the whole oolunm A, 
(189-75 x5) + (206-2i 



40 

The mean temperature of the column B is (206 - 5 + 202 - 5) -^ 
2 = 204°' 6 so that it is 1°'5 colder than A ; and this ia all the 
motive-power at onr disposal; hence the critical character of 
BDch on arrangement. 



aiO Loaa or hzat bt oondvotioii. 

Table 100. — Of the Loss of Heat from Contact of Aib with 
Vebticai. CruNDBBB, in Units per square foot per hour, for a dif- 
ference in Temperature of 1° Fahr, 





Height or Crunto to Fml 
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■1526 
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4634 




4526 


4462 


■4118 
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ifrff. 




4446 


4374 


■1330 


24 










47fHI 




44K7 




43S2 


4320 


■4278 


36 


6377 




■4985 


■4662 


.«. 


■431S 


4225 


■4183 



at 59°. There will then be no losa of heat by radiation or con- 
tact of air, becange W and the air are at the same temperature 
as S, bat a certain amount of heat will be transmitted throngh 
the material from S to 8' ; and for stone 1 inch thick, the loss 
will be 13-7 units per square foot per hour for 1° difference, as 
in our case. This amonnt will vary very greatly with the 
nature of the material, we will call it C, and its value is given 
by Table 101. The amount of heat also varies directly as the 
difference of temperatnre of the two sur&cea S and S', and 
inversely as the thickness, and hence we have the rule 
C' = Cx<i-^E, 
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Table 101. — Of the Value of 0, or the Condxtcting Power of 
Materials, being the quantity of Heat in Units transmitted per 
square foot per hour, by a Plate 1 inch thick, the two surfaces 
differing in Temperature 1°. From the Experiments of Peclet. 



Copper 

Iron 

Zinc 

Lead 

IVIarblc, grey, fine-grained 

„ white, coarse-grained 

Stone, calcareous, fine 

» H ordinary 

Glass 

Baked Clay, brickwork 

Plaster, ordinary 

Oak, transmission perpendicular to the fibres 
Walnut „ „ „ 

Fir 

Fir „ parallel to the fibres 

Walnut „ „ „ 

Gutta-percha 

India-rubber 

Brick-dust, sifted * 

Coke, pulverized 

Cork 

Chalk, in powder 

Charcoal of Wool, in powder 

Straw, chopped 

Coal, small, sifted 

Wood Ashes 

Mahogany Dust 

Canvas of Hemp, new 

Calico, new , 

White Writing-paper 

Cotton Wool and Sheep Wool (any density) .. 

Eiderdown 

Blotting-paper, grey 



Value of C. 


515 


233 


225 


113 


^8 


22 


•4 


16 


•7 


13 


•68 


6 


•6 


4 


•83 


3 


•86 


1 


•70 




•83 




•748 


1 


•37 


1 


•40 


1 


•38 


1 


•37 


1 


•33 


1 


•29 


1 


•15 




•869 




•636 




•563 




•547 




•631 




523 




418 




402 




346 




323 




314 




274 



(287.) If W, S', and the air were not all of one and the same 
temperature, the case would be modified. Let H, in Fig. 78, 
bo a cube of new cast-iron 1 foot square, heated to 100*^, and 
placed in a room whose walls, B, B, are maintained at 40'^, and 
let the internal air be at 60^ ; considering only the loss by one 
vertical side of the cube, the loss by radiation with now cast- 
iron will bo by Table 95, = '64:8 for 1° difiai««ic.ii,>ih!ifex^^ax^^^2^ 
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our case -648 X (100 - 40) = 88-88 nnitg, and the lose hf 
contact of air will be -5946 x (100 - 60) = 23-78 unitB, bo 
that the total loss is S8-88 -J- 23-78 = 62-66 tmita per square 
foot per hour. 

(288.) But sometimes a body may be losing heat &om one 
souToe, and at the same time receiving it from another ; thus in 
Fig. 79, we have a cube of etoue, sa^ 3 feet square, whose tem- 
perature is maintained at SO", placed in a room whose walls are 
at 40°, while the air is at 60°. Here the loss of heat by 
radiation is -736 X (tO — 40} = 7-36 unita per square foot 
per hour ; but by contact of air, heat will be received, not lost, 
the air being 10° warmer than the cube. By Table 97, a plane 
3 feet high will lose or gain -4962 unit per square foot per 
hour for 1°, therefore in our case the heat received will be 
■4962 X (60 — 50) = 4*962 units per sqnnre foot per hoar, so 
that the final result is a loss of 7-36 - 4-962 = 2-39S nnits 
per square foot per hour. Here then we have a case in which a 
body is nmtdlaneoialy losing and receiviag heat from different 
sources. 

(289.) These rules and tables are easily applied to practice ; 
thus a wall of stoue, 20 feet high and 50 feet long at 70°, 
air and all surrounding objects at 60°, will lose 



(-736+ -4133) X 20 X 50 X 10 = 11493 nnits per hour; a 
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tureB of tho turfacei of the walk ue not known ; ia onr case 
(and in most cases) we only know the temperature of the 
internal and external air, T and T' ; the interior surface of the 
wall I lawst obvionaly have a temperatnre lower than the in- 
ternal air T, otherwise it conld not receive heat from it : simi- 
larly the exterior surface J' most have a higher temperature 
than the external air, &c., or it conld not give oat beat to it. 

(292.) Wo will first calculate the temperature of the two snr- 
facea of the wall t and t', and shall adopt the following general 
notation throngbont : 

T = the temperatnre of the internal air. 

T' = „ external air. 

I = „ internal surface of wall. 

(' = „ external surface of wall. 

(" = „ glass in windows, &c. 

B = radiant power of the material, as per Table 96. 

A = loss by contact of air, as per Tables 97, 98, &c. 

C = conducting power of the material, as per Table 101. 

Q =E+A. 

V = units of heat per hour. 

E = thickness of the wall in inches. 

(293.) Taking the walla in our case, Fig. 80, at 40 feet high, 
we have by Table 97 the value of A = ■ 398 ; the value of E for 
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that Uie heat thus receiTed and toansmitted to the outer snrfice, 
ie finally diagipated by it on the external air, Ac It should be 
obseired that the interoal snr&ce reoeiTes its heat only by 
contact of warm air, and none by radiation, becanse all the 
internal walls have one and the same temperature with the wall 
B, whose condition we have lieen examining ; bat the exterior 
snr&ce loBee its heat both by radiation and contact of air. The 
result of this is, that while the difference of temperatnre between 
the air and snrface of wall is internally 60 -48-02 = 11°- 98, 
externally it is only 34°'2 — 30° = 4''-2: this, howeyer, TarioB 
with the thickness of the wall, as shown by cols. 3 and i in 
Table 102. 

(299.) We may also determine the loss if we know only 1 and 
T', or the temperatnre of the interior surface of the wall and of 
the external air, by the mle 

i + (qx5)' 

^■v V 1-134 X (48-02-80) ..,,^„„-,^ 
which in onr case becomes f' / =* " units. 



i+(i-'«>^i^) 



as before. This is a nseful mle for many cases, such as the 
wall of a furnace which has the temperature of the fire itself on 
one side, and is exposed to the air and radiant objects at low 
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IB exposed, as in tlie caae of a room forming part of & large 
building, the case ia Bomewhat different, and may be illuHtratod 
by Fig. 84, in 'wbich W ie a room, only one wall of wfaioh is 
cipoBed to the extorual air and radiant objects at 30°, the 
internal air and snrfaceB of wallfi G, H, J, being maintained at 
60°, and let F, F, F, &c., be other rooma. The interior snrfaoe 
of the wall B, whoBo condition we are now to consider, is ther^ 
fore exposed not only to air at 60°, but also to radiation from 
the other walls at 60° also; it will tiierefore have a higher 
temperature than before, and will in consequence transmit more 
heat. Being exposed to similar inflnences on both aides, that is 
to say, being heated on one side by air and radiant bodies 
having one and the same temperature, and cooled on the other 
in the same manner, and the value of B and A being the same 
for both internal and external surfaces, the temperatnre of the 
wall at the centre of itg thickntes will be a mean between T and T', 
or (60 + 30) -T-2 = 45°, as in Fig. 83, which repieaenta a por- 
tion of the wall B on a larger scale. 

It will be seen by inspecting the fignres, that this is analogons 
to the case of a wall 7 inches thick, with one sur&ce main- 
tained at 45°, while the other is exposed to air and radiant 
objects at 30°, as at P, and we can calculate the amount of 
heat transmitted by our formula (299), which in our case 
becomes ?1-L — ~ _ ' - = 6'4 units per square foot per 
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higbor temperatote than H, and the diffetence of temperatnre bjr 

TT X E 2*075v9 

the rule — j= — = (( — f) will be in oar case — tToq — =3° '86; 

the tomperatnre of K ntUBt therefore be 60° + 8°-86 = 63° '86; 
and as we may Bupposo that the heat received by K is derived 
from the air in the room F', that air must be still warmer tiian 
K to the extent of 2-076 -^ -398 = 6°-2 ; the temperatore of 
the air in F will therefore he 63''-86 + 5°-2 = 69°-06. Thns 
it appears that to secure the conditions we assmned for the room 
W, with air and walls at 60°, a higher temperature is necessary 
in the rest of the building, and for that reason more heat is lost 
by the wall B than in a case like Fig. 80. 

(305.) " LoM of Heat by GUa» in Windotes, <fcc."— We will first 
take the case of a window in the room, Fig. 86,, in which the 
interior walls and internal air in contact with the glass have 
one and the same temperature of 60°, and all the external 
radiant objects and external air have one and the same tempera- 
ture of 30°. In that case, the glass being heated on one side 
and cooled on the other by similar influences, will have a tem- 
perature in the centre of its thickness (302), a mean between 
the two, or in our case I" = (60 -f- 30) -i- 2 = 45°, and with 
thin glass we may assume that it has this temperature through- 
out. We may calculate the amoimt of heat received &om within 
and dissipated without, by the rule 
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Ax(T-i").orinoiirc»8e,-4665x (60°- 41°-65) = 8-541 j 
»nd by radiation, = R x (( - i") I in onr case, "6948 x (48 ■ 02 
-41-65) = 3-789 units, making a total of 8-541 + 3-789 = 
12-3 nuita per square foot per boor. It is obvioDS that tbe 
same amount of beat baa to be dieaipated on tbe external 
objects ; bere, bowever, the loss arises &om radiation and 
contact of air both at the same temperatnre, and we have 
C = (A + E)x (i"-T'); in our case (-4655+ -5948) x 
(41° '65 — 30°) = 12-3 nnits, or the same as tbe beat recoiTed, 
proving that tbe tempeTatnre we found for the gl^s is correct. 
For 1° difference of internal and external air, tbo loss is 
12*3 -i- 30 ^ -41 unit per square foot per hour for a window 
G feet high ; for 10 feet bigb and 20 feet the losses are -4 and 
■391 respectively. 

(308.) "Loie by GloMhoueeg, Contenaloriet, dee" — We will 
lastly consider tbe ease of a glasshonse exposed on all sides to 
air and radiant objects at 30°, the internal air being maintained 
at 60°, es in Fig. 86 ; bere all the internal snr&ces having tbe 
same temperature, all tbe heat received from the interior must 
be given ont by tbe contact of beated air only ; bat tbe heat 
thus received is dissipated on external objects both by radiation 
and contact of air. The temperature of tbe glass will therefore 
not be a mean between T and T', bnt will be found by the formola 
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being oompantively highljr heated, do not absorb hie aniinal 
beat with inconTenient rapidity. 

It will be evident &om this, that to obtain a comfortable 
temperatnre the walls themselves most be heated rather than 
the air. This may be done by cansing hot air to pass by 
channels formed in the walls, see (874) and Fig. 110. The 
some resnlt may be obtained by open fires or stores highly 
heated, see (248). 

(312.) " Effect of Ooven on Cbolinj;."— When a heated body 
snch as a vessel of hot water is covered by a metallic cover, or 
by a series of such covers, with air-spacee between each, but 
closed so that that air is not renewed, the rate of cooling 
follows a law which may be stated thns : — For any nnmber n 
of SQveloping covers the rate of cooling is eqnal to the rate of 
the vesEel alone, &eely exposed to the air, mnltiplied by the 
product of the surfaces of all the envelopes, and divided by the 
sum of all the possible products of n — 1 of the snr&ces of the 
vessel and the envelope. Thus, say we have a vessel and three 
covers, the ratio of whose four surface areas is 1, 2, 3, 4 re- 
spectively ; we may make f onr different products of any three of 
those numbers : thus, taking away the first (1), the product of 
the other three is 2 x S x 4 = 24 ; taking away the second (2), 
we obtain 1 x 3 X 4 = 12 ; taking away the third (3), we have 
1 >^ 2 X 4 = 8 ; and finally, taking away the fourth (4), we 
have 1x2x3 = 6, and no further combination of three is 
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CHAPTER Xin. 

LAWS OF COOLING AT HtaH TXHP1KATUBX8. 

(313.) With high temperatareB and great differenoes of tem- 
perature, the aimple fommlra ve have given reqoire oorreotion, 
as we have stated iu (276) and (280). 

"Loea by Badiuiwn." — The role in (276) asBtimee Uiat the 
leBB b^ radiation iB simply proportioiial to the difference of 
temperatnre of the radiant body and the aheorhent: bnt Dulong 
baa flbown that with the same difference the Iosb yaries with 
the abso/uffl temperature of the absorbent, so that, for iiistauce, if 
in Fig. 74 the temperature of W W had been 212" and of 3 = 
213°, the loBs of heat per degree would have been abont donble 
the amoont with the teapective temperatures 60° and 59°. The 
loes of heat incieaeeB also in a mnch more rapid ratio than the 
difibrence of temperature, thus, with 432° difTeieuce, and with 
the abaorbent at 212° (the radiant being in that case at 644°), 
the loss per degree is sis times greater tiian at low temperatures 
as in (276). Dulong has given rules which agree well with ex- 
periment, up to a differenoe in temperature of 468°. This role 
is a very difGcult one to apply, but it may be put in such a form 
as to give a ratio by which calculations by the simple rule may 
be easily corrected. The rule then becomes 
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applying the rule to such extreme caBes ; but we obtain b; it a ' 
nearer approximation to tbe truth than we conid get without its 
assistance. This table shows that with a radiant body at a 
clear rod heat of 1860°, the loes is about 300 1 times the amount 
due by the simple formula, and at a bright white heat of 2580°, 
it rises to 4604 ! ! times that amonnl This may be very incor- 
rect ; bnt the extreme rapidity with which a body at white heat 
cools down to orange and cherry red, &x., seema to indicate that 
at extreme temperatures the loss of beat is exceedingly rapid. 

(314.) The application of Table 104 is very simple. Say we 
have a mass of wrought iron heated to 600° in a chamber whose 
walls are at 190°. By Table 96, the radiant power of an ordi- 
nary surface of wrought iron is 'S662, and 1^ the simple rule 
we have -5662 x (600 - 190) = 232 uuita per sqnare foot per 
hom*; but by Table 104, the nearest number to the temperature 
of the absorbent is 194", and to the difierenco (or 600 - 190 = 
410°), is 414°, and the ratio for those two numbers is by the 
Table = 6*26, and the true loss by radiation in our case is 
therefore 232 x 5*26 — 1220 units per square foot per hour. 

(315.) "Loss by Contact of Air." — The researobes of Dolong 
show that the loss by contact of cold air is independent of the 
ahsoUite temperature of the heated body, diSering in this respect 
from radiant heat ; but he found that the heat lost increases 
more rapidly than the simple ratio of excess of temperature. 
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valne of A, and with the air at 190°, we have by the mmple 
rale -478 x (600 - 190) = 196 units; but for a difference of 
410°, the neareBt uamber in Table 105 is 414°, for which the 
ratio isl-96, and hence we have 196 x 1*96 = 384 muta per 
eqnare foot per honr. Adding the reepective loeees by radiation 
and contact of air together, we obtain 1220 -|- 384 = 1604 unita 
as the total lose per sqnare foot per boor; see (217) and 
Table 88. 

(316.) " Steam-pipet." — We may apply these rules to the case 
of a steam-pipe. Bay the air of the room and the walls are at 
60°, and the ateam-pipe at 210°, or 150° difference. Then the 
oorieotion for radiant heat by Table 104 is say 1*5, and for 
contact of air by Table 105 = 1-65. We may take E or the 
radiant power of east iron from Table 95 at "7. Table 99 gives 
for horizontal cylinders of 2, 3, 4, and 6 inches diameter, the 
respective values of A at -728, -6256, -5746, and -623, and we 

UnlUper 

By Br Sq.PL 

R. DUr. RaUD. BadUUoa. X. DUT. RiUo. CoDUcLpnHaDr. 

For2in.diam.(-7xl50xI'5) = lS7'5,and{-728xI50xl-S5)=ie9-5=S27 

3 „ „ „ (■6256xl50xl-55) = 149-5=303 

4 „ „ „ (■5745xl50xl-55)=1335=291 
6 „ „ „ (■523xl50xl-H>=121-5=279 

The weight of steam condensed to water at 212° per honr will 
be found by dividing the nnita of heat by 966 (the latent heat 
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•4722,QBtl-1722,aiidCftt 233; for N wo have log. <rf 6 i 

-778, and log. of 2 = -301, and N = (-778- -301) x 2-3 =c 

1 .nq? .^A tT.- ™l- h«™« •6233xl-1722x6x233xl52 
1-097, and the role becomes 233^^1.1722^6^1.097) 

= 641*6 nnits per foot nm; and a pipe 12 inches or 1 fbot 
diameter, having an area of 3 ' 14 Bqoare feet per foot in lengtb, 
thia is equal to 641-5-7-3-14 = 172-4 nnita per aqoare foot 
per hour. 

(320.) Bnt with a good conductor of heat, enoh an oast iron, 
the external temperature of the pipe will be high, and these 
numbers will require correction (313) (S16) b; Tables 104 and 
106, and to apply theee we require to know the temperature of 
the external surface. 

By the rule in (297) U = Q X ((- T'), and hence TJ -f- Q = 
(( - T'), which in our case becomes 172-4 -^ 1-1722 = 147" 
above the atmosphere ; the temperature of the outer surface 
must therefore bo 147 + 60 = 207°, or 6° less than that of the 
inside of the pipe. With that temperature, the correction by 
Table 104 is 1 ■ 48, and for A by Table 105, 1 • 635, and calcu- 
lating the trnoloflsft8in(816) we have (-7x1-48) + (-4722x 
1-636) X 147 = 258-8 units per square foot per hour, <» 268-8 
X 3 ■ 14 = 812 ■ 6 units per foot run. 

With a pipe infinitely thin in metal : A becomes - 5745, Q 
1 - 2746, C is cut out, and N being 0, the expression (Q X f* X N) 
vanishes, and the rule becomes - 5233 x Q X r* X (< — T'), or 
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Adopting the Eune notation Bs before (319), bat patting O 
for the condacting power of the casing, and r" for its oater 
radios, N will be (log. r" — log.r') x 2*3, and the role beoomea 
•5233 X Q X r" X Cx j t - T' ) _ 

C + (Q X r" X N) " " • 

For illustration of the effect of casing with different materialB, 
ve will take the case of a pipe 1 inches ontdde diameter, heated 
to 212°, the caging being covered in all cases with canvas, eo as 
to give the some radiating power to the oater snr&ce, and thns 
exhibit the variatioa in loss of beat doe to conducting power 
alone. 

Thas, for instance, with a casing of fir-wood, 1 inch thick, tbe 
oater diameter becomes 6 incbes, r" = 3 inches, B bj Table 95 
for canvas or calico = -TiGl, A by Table 99 = ■&23, therefore, 
Q = 1 ■ 2G91, and = ■ 748 by Table 101. For N ws have log. 
3 = -477 and log. 2 = -301, and N = ("477 - -301) X 2-3 = 
■405. Then the rule becomes 

■B233 X 1-2691 x 3 x -748 x 152 „„ „ 



■748 + [1-2691 X 3 X -405) ~ '" "' 
or say 99 units per foot mn per hour. 

Galcnlating in this way with the different condacting powera 
and thicknesses, we obtain the nnmbers in Table 109. 
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quired for Teutilation, we moBt be gnided by the seveTal offices 
which that air has to fulfil. These are five in nnmber : 1st, to 
supply the organs of reapirotion with the necesBory amount of 
oxygon ; 2nd, to carry off the vapouF given out by the langB 
And the body ; 3rd, to dilute and carry off the natnral ex- 
halations from the skin ; 4th, to . carry off the animal heat 
not absorbed by radiation and vaponrization ; and 6th, to 
snpply the lighting apparatus. The same air may posublj 
perform several of these o£Bce8 simnltaneoasly or consecntiTflly. 

(326.) " Air required for Regpiralion." — An ordinary man in 
a state of repose makes about sixteen respirations per minnte, 
each of 40 cubic inches according to Henzies; admitting there- 
fore that air should not be respired a second time, we bave 
(16 X 40 X 60) -^ 1728 = 22 cubie feet of air thus vitiated per 
honr. 

(327.) " Air required to carry the Vapoar." — We have just 
seen that the amonnt of vapour produced varies very much with 
the temperature, &c. ; if the whole of the animal heat had to be 
thus carried off we sLoiiId have 284 ~ (1178 - 98) = • 263 lb. 
of vapour per hour ; and if the whole surface of the body, or - 
even a considerable portion of it were exposed, there would be 
no inconvenience, for by col. 3 of Table 79 a square foot at 98° 
evaporates about '13 lb. per hour, and two square feet of ex- 
posed surface would sufBce, but where the body is almost whoUy 
covered, as is usual with us, there would be great inconvenieneo 
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TeriT few cxxjopants, b veiy conaidenble proportion of this 
animal heat will be given ont b; radiation to the cold wails ; 
bnt in B crowded room, the radiatioii of ench individual is 
almost wholly Bnppressed by the Burromiding crowd, and in 
that case the air alone has to carry off the surplna heat, and it 
will be heated to an extent proportional to the volnme admitted. 

If the whole of the 191 nnits has to be carried off by the air, 
and restricting the increase in temperature to 20°, which is 
perhaps aa mnch as could be conveniently permitted in most 
cases, the least volume of air wonld be 191 -i- (20 X '238 x 
•0761) = 527 cubic foot per head per hour. 

In the case (328) where only 212 cubic feet were allowed to 
the single occupant of a prison cell ; if that air were heated 
20= it would carry off only -0761 x 212 x -238 x 20 = 78 
units, leaving 191 —78 = 113 units to be absorbed by radiation. 

These two cases may be taken as the extremes, and wo thns 
find that to carry off the animal heat, the volume of air will 
vary from say 220 to 500 cubic feet per head per hour, depend- 
ing on the more or less crowded state of the room. 

(330.) " Air for Lightimj 4pi"""a'w«."— According to Dr. TJre 
1 lb. of coal-gas requires 11-58 lbs. of air, supposing that all 
the oxygcu in that air is consumed ; but a considerable portion 
will always escape unoonsamed, and we may admit that a double 
volume (76) should be supplied, or 29 lbs. of air per pound of 
gas. Taking the specific gravity of coal-gas at '4.2, that of air 
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(3340 But it is obTioDB, that although a giren amoiutt of »ir 
might thus be canaed to pass through a room, we should not 
have efficient ventilatioa ; the portions of the room indicated hy 
C and D would not be ventilated at all. If, as ia Fig. 89, the 
oponinge were made at opposite ends of the room, the ventilation 
would not be much improved, the central part G reoeiving no 
benefit from the current of fresh air passing tbroagh the room. 

(335.) If, as in Fig. 90, we admit the fresh air by very 
numerous holes, equally distributed all over the floor, and tiilow 
it to escape by similar holes in the loof, we then have perfect 
ventilation ; but the plan ia very difficult to carry out. Thus 
in Fig. 91 we have holes in the floor J and ceiling K, as in 
Fig. 90 ; bat admitting the air by one large opening. A, and 
allowing it to depart by a similar opening at B, whioh is 
usually a practical necessity, the air takes the shortest course, 
and the holes in the direct line get the most of it, and it is 
exceedingly difficult to obtain uniformity in the ventilation. 

(336.) There is another and a practical difficulty in this 
mode of ventilation. It is essential that the numerous inlet 
openings shonld be of large area, otherwise the velocity of tha 
air would be so great as to be a nuisance, especially for summer 
ventilation, when cold air ia admitted ; but if the velocity be 
very low, it is apt to be greatly disturbed, and the current even 
reversed by light winds in certain directions, so that it is essen- 
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(339.) With natural veniilatioH, u it is termed, as per Figa. 
88-91. DO change is neceflaary irith the aeasons. la all casee 
the air shonld eDter by nnmeroiiB openings in the floor, and 
depart by similar openings in the ceiling. No chimney is 
nticossary, but the exit opening should be provided with a hood 
to ]>reTQnt the action of the wind disturbing the dmnght. 
This mode appears by far the cheapest and simplest ; bat prao- 
tically it is very uncertain and frequently very ineffeotlTe. It 
is almost the only plan used in onr oharches and chapels, and 
by univursal experience is far &om satisfactary, especially in 
HummoT, although supplemented by opening windows and other 
higlily objectionable means. It is deeply to be regretted that 
the acknowledged dtf&calties of accomplishing effective yentilfr- 
tion have led to the whole question being virtually abandoned . 
by architects and others designing many of our puUio and 
private buildingB. 

(340.) " Mechanical Ventilation." — Ventilation may also be 
Tory cfiectivcly, and in many cases cheaply aecompiished by a 
fan worked by manual or engine power. In iactories, and othar 
large establishments whore an engine is used for other purposes, 
this is by for the best method of ventilating workshops, &o. 
The great objection to this method for genial purposes, 
namely, that the ventilation oontinaes only so long as the 
engine is at work, does not apply to such cases, the hours of 



3o2 TKI(TII.AXINO FANB. 

handle, C, on the Becond-motiou shaft. Tbu handle sbonld 
be remoTod after the neight is wound np; and the maohine 
is stopped till required hj the hreat D, which is kept in 
contact with the nntombd wheel F hj the weight G. To start 
the machine, the bruak-lever is raised by its huidle H, and 
ifi kept np by the spring holder J. The lever D is fitted 
with a block of hard wood, cnrved to fit the wheel F. The 
fi«niea are seonred to the floor by bolts in their feet, and to 
one another by a croea-stay at E. The barrel carries a light 
wire or hempen rope, which ia led nnder a large guide-pulley, 
and thence over another at the top of the building, so aa to raise 
the weight in a cbanael provided for it in the wall, being 
gnided and kept in position there by long vertical guides of 
iron or bard wood, 

(343.) The power which snch a fan will require to drive it 
depends very much on the velocity of the current of air issoing 
from it ; in fact, the power is directly as the square of the 
velocity omitting the consideration of the friction of the 
machine, so that velocities in the ratio 1, 2, 3, &0., require 
powers in the ratio 1, 4, 9, &o. There is a practical limit, 
however, to the extent to which the power may be reduced 
by reducing the speed, for at very low velocities the current 
is apt to be retarded or even overpowered and reversed by 
adverse winds. 
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qnadrnplod, becoming 267 X 4 = 1068 foot-pounds, as in 
col. 10. 

With a Moot fui discharging air with Tolocities of 5, 10, 16, 
and 20 feet per second, we require 44, 88, 132, and 176 ien>- 
lutioiis per minnte, and power equal to 267, 1068, 2408, and 
4272 fout-ponndfl rcBpectiyely. 

An ordiiiary able-bodied man can easily exert 3000 foot- 
pousda per miiiut^^, working at a winch for six hoors per day, 
but allowing only half with such men as prisoners, &c, or IKOO 
fu()t-l)ouii(lH, cols. 7 and 10 show that a single man oonld weak 
a 12-fuut fan at 6 feet velocity, or a G-foot fan at 10 feet per 
second. 

(345.) " ExamfieaP — The application of the mies and prin- 
ciples we have arrived at in this and preceding chapters vill be 
best nndcTstood by examples. We will take three cases ; the 
first being a school, in which tho air is heated and ventilation 
effected by stovcR ; the second, a chapel, heated by ordinary 
hot^wator pipes, and vctitilated by a compressing fan driven by 
a weight wiiund up bj manual labour during the preceding 
week ; and tho third, a hospital, heated by hot-bir pipes and 
ventilated by a dranght-chimney with a fire maintained at its 
base in all seasons. 

(346.) It is important to observe that the maximnm power 
of tho heating apparatus mnst bo fixed for the greatest oidi- 
nary dilfurcnco of external and internal temperature : this may 
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Bipated. Whon firat lighted, aU the exit openingB, E F O, n 
bIbo the fumaco door at H and its register E, are oloeed, tin 
RbiTo heating the air in the room only, and this enters by the 
door A, the damper B being closed. When the papils have 
BHsumlilod, B £ and F are opened, and A ia cloBed, &c., Sk, 
Tliu firo ia rogulutcd by a dampor at H. 

Ill summer tho firo need not be lighted in H before the hour 
of aasembliiig, E ia opened only anfQciently to maintain the 
liro in a fair atate of cumbnstioii, A E and F are dosed, and B 
and G ojMjnod. 

Wc may ctvloulatc tho proportiona of the entire a^nratoB by 
the nilca already given. 

(350.; " Ileai dimjiated by the WaU», tfc."— Tbe baJlding ex- 
])i>scfl oil area of 1340 sqnare feet of ll-inoh walla, and 210 square 
feet of wiudowa ; with an internal temperatnre of 60°, and ex- 
ternal 30^, tho walla by Table 102 will lose 1S40 x " 159 X 80 
= f>400 unite per hour, and the Iobb by the windows being by 
(^07) 12-3 unita per acinare foot, will be 12-3 x210 ^ 2583 
unite per hour, giving a total of 8983 nnita per hour aa the loss 
by the building after it has attained the standard temperatnre. 

But a largo amount of heat muet be abaorbed by the walls 
before that standard temperature can be attained, and the pro- 
portiona of the heating apparatus mnet be fixed with special 
reference to the preliminary heating of the bailding. By (293) 
and Fig. 80, with 14^inch walla, internal air at 60°, and external 
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'213^8 units per hour. The bnilding will dissipate 4492 nnits 
per hour on oxtomnl objects as before, hence the walls retain 
24388 - 4402 = 19806 tmits per hour, and to attain the stanilard 
temperature we should require S6 7420 -r 19 89 6 = 18*5 hours 
with steam or hot-water pipes heated to 210° and freely exposed 
in the room to be heated. 

(353.) If the hot-water pipes were endoaed in chambers, or 
chonnelB under the floor in the common way, the time would he 
still greater, becaase in that cose the radiation from them would 
bo suppressed, or nearly so, and the walla would then reoeiTe 
heat only by contact of heated air, the nuiTiTHnm (361) being | 
13 units at first, which is reduced to 6*2 nnits at last. The 
mean being (13 + 5-2) -^ 2 = 9 ■ 1 unite, we haye 9 • 1 x 1340 = 
12060 units per hour, and as they still dissipate 4492, they 
retain 120GO — 4492 = 7568 units per hour, and the time re- 
quired to attain the standard temperature would be 367420 -r 
7568 = 48'd hours; nor would the time be shortened by in- 
creasing the power of the heating apparatus so long as the 
internal air is not sufForod to exceed 60° : see (351), (369). 

(354.) With a stoTe and flue-pipe having the proportions 
given in (249), each pound of coal gives out S090 units by the 
body of the stove, and 8547 units by the flue-pipe ; the total is 
8090 -I- 8547 = 11637 units, we shall therefore reqnire 67000 
-H 11637 =^ 6 lbs. of coal per hour. By (249) the stove-pipe 
must have 6 * 5 x 6 = 89 square feet of surface at the leaet : if 
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tbin plato wo bave aoou (153) tliat the real disduirge is ' 65 of 
the tbeorotical, and we have 5-74 x '65 = 3' 73 feet per second, 
and as wo have 220 x 100 -^ 3600 = 6-11 cubic feet of air per 
Bocond, tbo openings for summer ventilation must have on area 
of ■ 1 1 -j- 3 ■ 73 = 1 ■ G4 square foot. The circular inlet tnunel 
D muet thereforo be 18 inches diameter, and the register G, 
which exposes rather less than half its total area as available 
openings (say ■ 4), must have a total area of 1 ■ 64 -4- '4 = 4-1 
sijuaro feet, or say 2 feet 3 inches diameter. 

(358.) The quantity of fuol required in the fumaoe at H can 
be easily calculated, it being the amount necessary to heat 
16-72 X 100 = 1672 lbs. of air 50°, or 1672 x 50 X -238 = 
19697 units, and allowing 12,000 units per pound of coal as per 
Morin's experiments (383), we shall require 19697 -H 12000 = 
1 ■ 6 lb. of coal por hour, or say for 5 bonrs per day, 26 days 
jwr month, and 6 months of summer ventilation, 1*6 x 5 x 
26 X 6-^2240 = -55 ton. This is a email eonaainption, bnt 
Poclot found by observation that 2 ■ 2 lbs. of coal per hour was 
sufficient for ventilation with 200 children, allowing 212 cubic 
feet of air per head per hour, the air-chimney being 33 foet 
high, and 9 square feet in area. 

In order to obtain sufficient inlet area at the stove for summer 
ventilation, the damper M shoald bo closed, and the door A, as 
well as the furnace door, may be thrown open or removed for 
the season. 
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3313 X 12-1 = 41081 nnita per hour. Then the windows, sit; 
20 in number, each 6 x 4 = 480 square feet, by (307) will loee 
12-3 units per square foot, or 430 X 12-3 = S904 units per 
hour, making together 41081 + 6904 = 46986 or say 47000 

(362.) By Table 90 an enehied pipe 3 inches diameter, heated 
to 200° with air at 60°, gives 184 nnits per foot nm, but with air 

at 30°, as in onr case, this will be increased to ~^^ (200-30°) 

' -"> 200 - 60° 

= 223 units per foot, and wo shall require 47000 -^ 223 = 210 
feet of 3-inch pipe, which may be arranged in two lines as in 
Fig. 104. These pipes are carried by rollers, like Fig. 53, which 
are supported on crosB-beams, H, Fig. 107, boilt into the brick 
side-walls of the channels in which the pipes are enclosed. 

The boiler may be of the common horse-shoe form, and 
should be placed below the level of the chapel floor so as to 
obtain a simple circulation (267) ; where this is quite imprac- 
ticable it is poetible to work a coil of pipes by a boiler placed 
above it, as in (273); in that case the feed-cistem must be 
placed in the roof at A, or perhaps at B in Fig. 106 ; but this 
plan should never be adopted if it can possibly be avoided. For 
the masimmn of 47,000 imita we should rcijuire about 47000 -j- 
4000 = 12 lbs. of coal per hour (367), and a square foot of fire- 
grate (127). With a very short and small boiler, such as is 
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10-8 hours at lialf power is eqniraleut noorly to 6-4 honra of 
full power, nod 6*4 hours go for nothing, and the time required 
from lighting tbo fire is 44'8 -|- 5*4 = 6Q'2 hours. 

(3G5.) " Time required to eoot the WoBm, dc, to the Extenttd 
Teinperaiure." — When tho fire is pat out, the bnildlng wUI 
graduttU; cool down to tho temperature of the external air. At 
firut it will luBO 4'9C units per sqnare foot per hour, and at 
liiEt 0, the mean loep is (4- 96 -^ 0) -^ 2 = 2- G uuita, and for 
the wholo sorfooe of walU S313 x 2-6 zz 8282 nnits per hour. 
To this has to bo added the heat lost by the windows, whioh at 
firetis 12-3niiit8, andat last 0, the mean being (12-3 + 0)-H 
2 = G'2 units per foot, or 480 x 6*2 = 2976 units per hour. 
We found by (363) that the water in the apparatus required 
17C,000 units, and tho iron in the pipes, &c., 76,960 units to 
heat it, and thcso will of course give ont the same amount is 
cooling down. Tho walls will give out 917,780 nnits as in (364), 

,.,,,,. , , , . 176000 + 76960 + 917780 
so that the timo to cool down is — 8282~il!<i7fi 

= 104 hours, or 4'8day8. 

(366.) " Heal required io ieep up the Tem^eUure ofOu Build- 
ing." — When tho building is onee raised to its standard tempe- 
rature, a much smaller amount of heat per hour will suffice to 
maintain it. The walls receive, transmit, and dissipate on 
external objects 4-96 units per foot, as we have seen (864), 
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a comfortable temperatnre. With 00 thin a congregatioii, mndi 
of tlie ftnimol heat, perhaps one-third, would be given out to the 
walk b7radiatioQ(S29),Midonl7 191 X 2-^3 = 127 anitB per 
head to the air ; we have then 127 x 200 - 35400 nnits per 
bonr given to 7610 lbs. of air, whose temperature ironld be 
raised 25iOO -r- {7610 x ■ 338) - U=, or to 66 + 14 = 70°. 

(369.) The maiimiun qnantity of air is 200000 -i- 60 = 3333 
cubic feet per minute, which with a Telocity of 6 feet per aeoond 
would reqnire, by col. 6 of Table 115, a fan 6 feet diameter, and 
a driving power of 385 foot-pounds per minute, and for say four 
hours, the dnratioQ of the servioea, this is equal to 385 x 60 
X 4 = 92400 foot-ponnde, and if the weight descends 30 feet we 
require 92400 -^ 30 = 3080 lbs., or 27 cwt An ordinary man 
can easily raise 3000 foot-pounds per minute by a winch, and 
could therefore raise the weight in 92400 ~ 3000 = 31 minutes, 
and of course this could be done at any time dnring the week. 

With the reduced volnme necessary for a thin congregation, 
the velocity of the fan would require to be reduced propor- 
tionately. Thnsi'witfa half the volume, as in (368), we require 
only 37 -^2 = 18'5 revolutions, and the weight would be re- 
duced to one-fourtb, or 27 -j- 4 = 7 cwt. This would be easily 
effected by making the weight in divisions, and raising more or 
less, as may be found necessary by experience. The velocity 
might also he reduced by regulating the weights G on the 
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may occur at one placo, and tben to obTWte it and preserve the 
area, the bottom stionld dip in a cnrre, as ia Fig. 108. 

Tbe hot-natoF pipes are enclosed completely in a wooden 
ctising, the air ia admitted bj narrow slita imder the whole 
length of each pipe, the total area of wbioli mnst be eqnal to 
the aroa of tbe two main channels, or 11 square feet = 1S84 
sqiiato incbcs, and the length being 214 feet, or 2568 inches, 
and allowing ' 8 for tbe coefficient of contraction (1S3), the 
width must be 1584 -i- (25G8 x * 8) = -77, or say J inch. 

(372.) In fixing the area of the branch channels, we may 
allow 1584 -j- 400 = 4 square inches per b^ad. The g^leries 
may contain 90 people, and the 8 channels P, R, 8, supplying 
each 11 people must have an area of 11 x 4 = 44 square inches. 
The 7 channels D have to supply 110 people including P,B,6, 
or 16 each, and mnst be IC x 4 = 64 square inches area. The 
eight exit openings Y and channel W should have an area of 
1584-^8 = 200 sqnare inches each; but allowance shonld 
here be made for the bars of the ornamental grating by which 
the opening is covered and for contraction (153). With -8 
coefficient, each opening must have a free area of 200 -^ • 8 = 
250 square inches ; the bars of the grating may probably 
occupy one-fifth of the total area, which shonld therefore be 
250 X 6 -^ 4 = 312 square inches. 

The effect of substituting for the fan apparatus an ordi- 
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the viti&ted air moTog o£F directly into the atmosphere, mthovt 
inisiiig with the rest of the air in the room. 

(376.) " Lot* of Heat by Ihe Building, rfc."— Allowing 2OO0 
cnbic feet of air per head per hour — see (331) and Table 112— 
and 150 invalids, ne shall reqaire 300,000 cnbio feet, or 
300000 X -0761 = 22830 lbs. of air per hour. If we uaome 
that the internal surface of the wall ie at 60° and the external 
air on a winter's day at 30°, with a thickoesB of 27 inches^ we 
shall have (239) by the formnla U = Q ^ (' ~ ^\ or in onr 

l + Qf 

caso - - firr = *'°" '""^ V^ square foot pel 

'+("=*> xjla) 

hour, and as we have 11,790 square feet of wall snrfaco (windows 
excepted), the heat dissipated by them will be 11790 x 4'63 = 
545G7 units per hour. This heat has to be supplied by the air 
before it enters the building, and to do that it must be cooled 
54507-^(22830 X -238) = 10°, and aa it leaTea the walls to 
enter the rooms at CO^, it must enter thera at 70°. 

(377.) " Cockle or ^i>-s(om."—W^ require by (376), 22,830 lbs. 
of oir per hour for Yentilation, which air has to be heated 40°, 
or from 30° to 70°, and will requin. 22830 x 40 x ■ 238 = 
217340 units of heat. With a cockle such as A in Fig. 112 we 
should not expect more than 6000 units usefully from a pound of 
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the efiective length is redaced to 6 feet, and the cirvnmferenM 
of9^ inches being 2-5 feet, wo have 2*6 x 6 X 26 = S7S sqnue 
feet, or rather more than wo require. 

(379.) " TeiUilalion." — The proportiona of the Toatilating 
BpparatuH must bo fixed with portiouhir reference to anmrner 
requirements whoa a fixo has to bo maintained epeoiollj for that 
purpose. For summer vontihition the damper P is oloaed, and 
a fire is maintained night and day (37S) in the furnace B at the 
base of the chimney : this has a closed ash-pit, so that tho air 
feeding the fire is drawn from the body of funl air that has 
passed through the words and is on its way to the chimney. 
The external air of a summer day may be at 7^, and being 
hoatod, say 50°, or to 122", we have in the chimney a column <rf 
air at 122" and 60 feet high, which by Table 21 would require 
a column of external air at 72° equal to 60 x ' 0694 -^ 0747 = 
55-74feothigh. giving CO -55-74 = 4'a6 feet head to produce 
motion, which, by the laws of falling bodies, will generate a 
velocity of */4.-2& x 8 = 165 feet por second theoretically 
(163). Admitting tho ratio of the real to the theoretical reloci^ 
given by the oxporiments at the Prison Mazaa (S94), this is 
reduced to 16 '5 x '423 = 7 feet per second, and as we faaTsto 
pass 300000 -^ 3600 = 83 cubic feet per second, the ohimner 
and main air-passages must have an area of 83 -^ 7 = 12 square 
feet, or 1728 square inches, and must bo 3 feet 6 inches square. 
The area of tho two channels G G will each be 6 square feet : 
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effected, nsnally the air in tbo oliimney without » fire is WBrmer 
or coldor than the external air, and in either case there will he 
a draught, npn'arda i» one case, and domiwards in the other. 
In Biimmcr time onr dwelling's are uanallj cooler than the ez- 
temal air. and the chimuof being cooler also, a down-dranght 
will bo established ; but in winter tin's ia reToraed ; tlie internil 
air of the room ie frequently 20° to 30° warmer than the external 
air, and that in the chimney taking nearly the same temperature, 
a powerful upward draught ia created, as shown by Table 116 ; 
with an arcn of 2-31 Bqnaro foot in the chimney ao la^e a 
volume as 14,232 cubic foet of air per hour was discharged with- 
out any fire whatever; allowing 250 cubic feet per head (331), 
this would Boffice for 14233 -~ 250 = 57 persona With a mode- 
rate consumption of coals or wood about throe timsa this Yolomo 
was discharged, or sufficient for 170 persons. 

(383.) " Effect of CoaZs."— By col. 10, the mean useful result 
per pound of coal was n,867nnits, andaBby(60) the totalheatin 
coalsis 13,000 unita, 11857-^ 13000 * -91, or 91 per cent, paases 
off by the chimney, and only per cent, is dissipated by radia- 
tion to the walls of the room, &o. It would appear at first sight 
that 9 per cent, is all the heat usefully realized in an ordinary 
open fire. This, however, would be incorrect, for part of the 
heat in the air within the chimney has really been nsefolly 
employed in heating the air in the room before it entered the 
chimney. Tho useful effect of coals for ventilalion pnrposoB 
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(385.) " Effi-ct of Gat."— The mean nseful effect of a cnWo 
foot uf coal-ijiui, a»< givon by col. 10 of Tablu 116, iB 580 nnib, 
anil in practically tlio patnc tljronghont, ulthongli the consmnp- 
tiiin vras imrpiiscly varioil for tho eako of experiment from 7'7 
to 1 41 ■ 3 cubic foct of gas per hour. But the practically nseM 
rcHult itn ostiraatoJ by tbo volume of air discliarged dve to (ks 
action of the gag, aud pliowu by coL 11, varies ozceedingly, partly 
as a natural enuKoqucncu uf known Iawb governing the qnestioii 
(150), aii<l partly liccnuRo thcro was a considerable yentilation 
witiiout any giui wbatcvor ; with discharges of air in the ratio 
1, 2. 8, 4, lliu diutininption of goa would bo about in the ratio 
1, 14, 45, Ca. Tho ocuuomy of smaU consuinption of gas and 
consequent low tcmpcraturo in tbo cbimney, is thus shoNvii veiy 
coiiclusiiYoly. 

(SSC.l Tlio ventilation nf cbapols, i&c., which ate asmilly 
occiijiicd only about three or fiinr hours por week, may be conve- 
niently and coniparfttivcly cheaply effected in snmmor time by 
a drangbt-chimnt'y in which tho air ia heated hy ga&. Say we 
. take the case of the chapel in (359) viih 400 people, requiring hy 
(_331) 500 ciiltie feet per hoad, or 200,000 cubic feet per hoar, 
with a cliimncy 30 fuet high, aud on cxternBl summer tempe- 
rature of 72^. If we oEHume that tho air in tho chimney shall 
bo heated 30°, or to 102°, then by Table 24 a 30-foot colnmn of 
air at 102^ balances only 30 x 0707-^0747 = 28-4 foet of external 
air at 72°; henco wo havo 30 — 28'4 = 1*6 foot of unbalanced 
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as ehown by (103) and Table 47. With small boilers, sacli as 
are used fur ordinary cases, the losaes are greater than the 
average, and we cannot reckon on moro than from 4000 to GOOO 
units per pound of coal (112); allowing 6000, or half the amonnt 
in (388), wo have 44,800 units for a penny. With gas, on the 
contrary, the whole of the heat is given out usefnlly either to 
the air, or to tho walls of the room in which the gas is oon- 
Bumed, and we then have 696 X 1000 -^(4 X 12) = 14500 nnits 
for a penny, and tho ratio becomes 44800 -^ 14500 = 3 * 09 to 1. 

But, if a stove with a very long flne-pipe be admisBible, we 
may obtain 94.J per cent, of the total heat in the ooals (250), or 
13000 X ■ 945 = 12285 nnits per ponnd. In that case we have 
12285 X 2240 -^ (25 x 12) = 91728 nnits for a penny, and tho 
ratio is 91728 -;- 14500 - 6 ■ 3 to 1. 

(390.) Paraffine oil or petroleum may be nsed with advantage 
for vontiktion, or heating in many cases on a amall scale. By 
(59) the total heat is 20,240 units per ponnd ; a gallon weighs 
8'4 lbs., and costing say 18 pence, wo have 20240 x 8"4-7- 18 
= 9445 units for a penny when it ia consumed in the room, and 
the whole of the heat is utilized by being given out either to 
tho walls or to tho air (83) ; the ratio to gas, consumed nnder 
the some oircumBtancea, is 14500 ~ 9445 — 1 - 63 to 1. 

As applied to a ventilating chimney where five-sixthB of the 
total beat is realized, wo have for petrolenm 9445 x 5 4- 6 = 
7871 units for a penny, and tho relative cost of coals, gaa, ud 
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of air to bo boated 14°, and the epecific boat of air being '238, 
this IB equal to 83708 x -238 x 14 - 278910 nnita per hour. 
Gollcctiug thoso tliroo leanlta, we have a total loss of 666640 -J- 
18345G -f- 278010 = 1019006 onitB per hour. Bnt part of this 
heat will be supplied by the osimal beat of the prisoners, as 
esplaiaed in (S27), whore we find that each man will yield 191 
units per hour, and we have 191 x 1200 = 229200 nnits per 
boor from this source, leaving 1019006 - 229200 = 789806 
units to bo BuppliG<1 bj the beating apparatus. Allowing 6000 
units per pound of ixial (112), wo sbonld require 789806 X 24 -i- 
6000 = 31G0 Ibe. of cool per day. The experimental qnantity 
was 35G4 lbs., showing that only 6818 nnlts per pound of oottl 
wore utilized, or 5318 -^ 18000 = -41, or 41 per cent, of the 
total boat in coals (GO). 

(393.) During the cold weather of winter it was found that 
6280 lbs. of coal were consumed per 24 bonre, to maintain the 
internal air at 69'' 3 whilo the external air was 39°, tbe differ- 
cnoo being 20° -3. Wo found that for 14° difference the losa 
was 1,019,006 units; tbo loss with 20 3 will therefore be 
1019006 X 20 ■3-^14 = 14775G0, and deducting the heat 
emitted by the prisoners, we have 1477560 - 229200 = 124836 
units per hour to bo supplied by the fuel. In thie case, there- 
fore, 124836 X 24 -^ 5280 = 5675 units per pound of coal were 
utilized, or nearly the Bome as in the case of the Church of 
St. Roch (400). 
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The inochiLnical work done ia 83,708 Iba. of air per honr, or 
1228 lbs, [lor tninnto, at a veloci^ of 8'92 feet per aeoond, the 

head dne to which, by the law of falling bodioa, is ( j = 

1-243 foot; wo hayo thoroforo 1228 x 1-243-^33000 = -0468 
lioriHt-jiowcr. But wo have scon that by friction, Ac, &o^ in 
the paiumgca tlio work is reduced to ■ 179 of the power em- 
idoful ; and as a low-pressure fan and gearing wiU probably 
yiuld only ono-third of the force expended on it, we sbonld 
rcriuire -0463 x 3-^ -170 = -776 horse-power. If we allow 
10 lbs. of cool per horse-power, this ia equal to 7"76 lim. of 
coal per hour for scTcn months of the year only, and the 
yearly consumption would be 7 -76 X 24 X 30 X 7 = 89110 Iba. 
of cool, instead of 435, GOO lbs. as required by a dranght chim- 
ney ; tho ratio ir 1 to 11. 

This ia a favourable case for mechanical ventilation, lieing a 
very largo one. Dy tho ordinary allowance of 350 enbia feet 
per head (331), the air dealt with would suffice for 1069600-1- 
3&0 = 3000 persons, and oven for this large number we require 
an engine of only three-fourths of a horse-power. For small, 
and even fi>r ordinary coses, the engine would be eiceBBivoly 
Bmoll, the friction proportionally mnoh greater, and the relatiTe 
economy of tho system less. There ia also the practical objeo- 
tion that the engine must work day and night, requiring an 
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of tho phimnoy, only -822* ^ -lOi of its Uieoretical Tains; 

600 (334). 

(31t8.) " Cliureh of St. Boch."— This chnrch was about 377 
feot long, 92 foot wide, and from 60 to 60 foot high. The walls 
wore of Btoiio, 20 inches tliick, exposing a surfaoe of 37,671 sqnaie 
fc6t ; tho winilowB wero abont 18 foot high, and exposed an area 
of 9267 aiiiiato foot. When tho interior air was maintained at 
39° above thu exterior air, the ooDsnmptioit of oools was 88 Iba. 
por honr. 

The conditionE of this building are similar to Fig. 80, the 
walls being exposed on all sides to cooling inflnenoes. The 
loss of heat for this case is given b; Table 102, which for stone 
walls 20 inches thick may be taken at ' 2 for 1° ; in otir case the 
loss will be -2 X 29 X 37674 = 218510 nnits per honr. By 
(307) tho windows lose "4 unit for 1°, or in onrcase 4 x 29 x 
9257 ^ 107385 units, and the loss from both sonrces is 825,895 
nuits x)cr hour. There will also be another loss of heat by a 
largo hut nnkuown volume of air, which enters through the 
heating apparatus by openings in the floor, and passes out by 
innumerable crevices in the leaden casements, the glass being 
very loosely fitted ; it will therefore escape at the temperature 
of the glass, and if wo know that temperature we can calculate 
the vo\mue of air which passes throngh the building, 

(399.) " Temperature of ihe WaU* and Qlau m lPi«<fow»."— To 
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from those found b; the former method, which, no doabt, is ths 
more correct of the two. 

(402.) The capacity of the spooions ohnrch wa* about 
1,1.'10,000 cubic feet of air, which added to 839,SO0 doe to Tfin- 
tilatiun, givee ia an hour a total of 2,019,800 cubic feet, at SOS 
cabic feet per head for 4000 people. Tho ordinary munbofi 
present are 2000 to 4000 ; on fSte days 4000 to 6000, and on 
grand occaaions 6000 to 800O. 

(403.) " Time reqaired to Heat Sie Buildtng to tU Standard 
Temjterature." — It was found that to heat the buiHing to iho 
standard temperature, or 29° above the eiteraal air, reqidzed 
eight days of continunns firing day and night, and it will be 
inBtnictive to see how far this agrees with calculation. 

The walls contnin 63,570 cubic feet of stone, weighing by 
Table 37 about 156 lbs. per foot, or 63576 x 156 = 9917856 lbs., 
and the specific heat by I'able 1 being about '21685, they will 
require 0917856 x '21585 = 2140770 unite of heat to raise 
their temperature 1°. Wo found in (399) that when the 
standard temperature was attained, the two sur&cee are 44° and 
35°'27 respectively, the mean temperature of the wall ia there- 
fore (44 + 35-27) -^ 2 - 39°- 625, or 9''-625 above the external 
temperature, and this is tho amount of heat which the walls 
must receive before the atuudard temperature can be attained. 
We found that for 1° they required 2,140,770 miits, they will 
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(407.) "Healing Apparatut." — The htsting apparatiu con- 
eUted nf A boiler about 12 horee-power, with hot-water pipeg 
5^ and iil inches diameter. Tbej wero laid in channels with 
brick Hides, nndci the floor of the church, in the uenal way. 
Tlio total area of the hot-water pipoa waa 1774 sq^nare feet, 
they tlitrofuro grive out 495895 -^' 1774 = 279-5 Tinits per 
square foot : boo (400). The tempemtnre of the water as it 
loft the boiler was 248°, and as it returned 216°, its mean tem- 
poratare was therefore 232°, or 282°- 29°= 203° above the 
external air, "^ 

(408.) The case of a pipe enclosed in a channel is quite - 
different to that of a pipe freely exposed. When a pipe is 
enclosed, the walls receive radiant heat from it, and their 
temperature is raised until thoy give out to the air in contact 
the Bamo amount as they are receiving from the pipe, when 
fnrthcr increase of temperature is arrested, and it remains 
stationary. With hrick walls and a steam-pipe at 232° the 
tempcratuTe of the walls would bo 158°. At that temperatme, 
being 232 — 158 = 74" colder than the pipe, the ratio (313) of 
hent lost by radiation is, by Table 104, 1 ' 9, and the valne of B 
from Table 95 being for bricks ■ 736, the walls will receive 
■ 73G X 74 X 1 ■ 9 = 103 units per eqaare foot per hour. Then 
by (315) a wall, say 2 feet high, wUl have -528 for the valne 
of A by Toble 97, and the difference of temperature of the air 
and of the wall being 158 - 30 = 128°, the ratio by Table 105 
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= the Telocit; in feet per second, and F = the presanre in ponnda 
per B^nare foot ; Table 117 has been calcnlated by these roles. 

'J'abIjB 117. — Of tho Force and Velocitt of Wind, according to 
Hdtton's Eiperiments. 
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toTccB with tboso angleB would be '507 and '656, and the force 
tending to tnm tbo Time -555 — -507 = -048 instead of -003, 
as with a. single blade of the same area, or - 018 ■—- • 003 = 16 
times greater. 

Table 118 shows that the snperioritf of the double blade 
over the single is greatest at small angles of wind, where in 
fitct it is most wanted. Snch a vane would not only be more 
sensitive, but also more eteady, or less subject to oscillation. 
Anglos greater or Ices than 88° are not so cffectire, the turning 
powor at 15° would be about one-half, and at 5° abont one-fifth 
of that at 88". 
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APPENDIX. 



(417.) *' Exploiive Force of Qa»e»." — Wlieo combustible gases 
such as hydrogen and carbonic oiide, &c., are mixed with 
oxygen in tbe proportioBB necessary to effect combustion, aod 
buat is applied by a natch, &c., combustion follows instanta- 
neously, or nearly bo, and takes the form of an explosion. If 
wo know the amount of heat developed by the combustible gas, 
and the volume and specific heat of the resulting product which 
rocuives that heat, we can show the temperature to which it will 
bo raised by it, and thcnco the pressure or explosive force which 
would be generated in a closed vessel. 

i^ay that we take the case of the explosion of carbonic oxide 
with oxygen : Carbonic oxide is composed of 1 atom, or say 
75 lbs. of carbon (56), and 1 atom, or 100 lbs. of oxygen, thus 
forming 175 lbs. of carbonic oxide. To effect combustion 
ftuothiT atom or 100 lbs. of oxygen must be added, and we then 
have befuro combustion 275 lbs. of mixed gases, and after com- 
bustion the same weight of carbonic acid gas. 

Now by Table 39 the mixed gases before combustion occupied 
(i:j'6 X 75) + (11-88 X 200) = 3376 cubic feet at 62", and 
this is the capacity of the closed vessel which would contain 
tliem. After combustion wo have 275 lbs. of carbonic acid gas 
or 8-6!) X 275 = 2362 cubic feet at 62°. 

The heat developed by the combustion of 1 lb. of carbonic 
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With preesares in the ratio 



AAA 
« simply in inverse ratio, would 



bat experiment gavo 

1 2 44 71 12 20 32 

Wo found in (190) that with a gale the ratio for water waa 12 -i 
timee the evaporation with calm air. The above experimeotB 

show that the same rate of evaporation might be obtained with 
calm air by reducing the prcasuro to ^\iii of the normal pres- 
sure, or say 30 -j- 16 = 1 " 9 inch of mercury, 

(419.) " AbeorpHon of Oaaee hy Liquids." — When gaaea such 
as carbonic acid nr atmospheric air are in contact with a surface 
of water or other liquid, a certain volume of gas is absorbed, 
dependent on the nature of the liquid and of the gas, and on the 
temperature. 

In general the amount absorbed decreases with increase of 
temperature, thus if water or ale at 32°, saturated with carbonic 
acid gas, be warmed to 68°, it could hold only half the amount 
of gas, and the rest is set free as hubblos, and collects as &oth 
at the surface. Similar results are given by other gases : thus 
at 32° a cubic foot of water absorbs of 

Ni..„~n r,,,,.,. Cirbonlc Orbmilo SolphnrelW Solphgroot AtmwphHie 
BiWQgffn. uiygpu. ^jIi) ^i^iiIj HTilnigra. Acid. Air. 

-024 0111 1-797 -0329 1-371 68-66 -0247 
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bem thraaghont ample endsnoe of evny divinon haTing been traftted 
with a coiuoiantioiu 'thoronghiieH* oa the part of the anthor, which 
deserre* high ^tim. ... It is printed in good type, and ia 
illtutrated by lithographed pktes, esecoted with great oleamesB and 
attention to ieMi'—Snginaring, Jan. 22 and Feb. 19, 1869. 

" A practical tnatiM upon this subject, oinapriaiiig the results of the 
moat receat oboervations and experiments, is veiy mnoh needed at the 
pceeent time, and both the author and publishen of the volume before 
US have oooierTei a great benefit npon tiie pnblie hj its timelj publica- 
tion. We wonld be glad to give it an extended review adequate to its 
merita, hot wo mnat content oorMlves at this time with an ennmeiation 
of the general contents of the work. These comprise: general principlea 
and bote in the theoT7 of heat and combustion, the principles and dstails 
of iteam-btulen, efflux of air, vapour, evaporation, distillation, drying, 
heating liquids and air, transmission of beat and laws of cooling, laws of 
cooling at high tempenituree, trBnamisiion of heat by oondnction, venti- 
lation, examples of heating and ventilatiou, wind and ita eSects npon 
beatii^ and ventilation, &c., &c. ... It would be hard t« perform 
the work which Hr. Box has undertaken iu a mors creditable manner 
than he has done it. To be at once brief and exhaustive is a difiGcult 
task for any author, but one in which this writer seems to excel." — 
Scientific Amerioait, June 26, 1869. 

" Uany writers have treated on the laws of heat, but few have so 
nniformily applied them to the pnrposee of the useful arta. All the 
observations 01 Hr. Box have a practical aim. Unlike the ignorant stoker 
he describes, who delights in a roaring fire and sharp dmught, nncon- 
sdous of the loss of fuel, he is always striving after the utilization of 
our resources. A quiet perusal of hia work will help to nnravel many 
knotty points in the minds of those who are thinking over schemes of 
heatang and Tentilatiou. All owners, beaidea tenders of furnaces, steam- 
b(Mla8,and stoves used in the different arta, will find matters of moment 
in his pages. . . . There are few engsged in manufacture or the 



eooUnla of Hr. B<Ht*a nssfbl little treatiie, and «a tnut ira have arid 
CDOugii to ahoiT thkt it (bnni a vmluable additicm to tlu practical 
m^neei'B libmy." — Engineering, J11I7 16, 1869. 

"Pnutical ongineerB owe a. debt of giatitude to Ur. Box ttx the 
pra|iaratioii and publioation of three valaable little treatiMa : tme on 
HTiliaulic*, anotEer oq Heat, and now another on Mill-gearing. Theee 
an all adminbls in their waj. Mr. Box's work ia eaaentially practical, 
and reqaires little or no knowledge of matheinaticB to enaUe it to be 
mastered. . . , The work is admirably illnstrated, beautitiilly 
printed, and written in a clear, concise, and precise style, which reflects 
much credit on its anthor." — Engineer, Sept. 10, 1869. 
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PRACTICAL HYDRAULICS: 

A. SEBIE8 OF BULES AND TABLES 
fob tsb USB of 

ENGINBEES, Etc. 

New Edition, rewritten and enlarged, eonlaiuing vpwarde o^ 
80 TcAleB, and iUuttraUd by 8 lAthogra^Me Platu, In 
Crown 81W, cloth, 6#. 

Bbview at FmBT Edition. 
*' We hare not oAeD met with a more admirable little book than thi^ 
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